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(54) Radiation sensitive resin composition 

(57) A radiation-sensitive resin composition which comprises. 
(A) a polymer containing, 

(a) a recurring unit (I) of the following formula (1): 
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or a recurring unit (I) ol the formula (1 ) and a recurring unit (11) of the following formula (2), 
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and 

(b) a recurring unit (II!) which is derived from a monomer having at least two polymerizable carbon-carbon 
double bonds by. cleavage of the cartxsn-carbon double bonds, wherein the monomer has, in addition to said 
at least two polymerizable carbon-carbon double bonds, at least one acid-decomposable divalent group of 
the following formula (3) or (4), 
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s^iid at least two polymerizable carbon-carbon double bonds being linked via the least one acid-decomposable 
divalent group of the formula (3) or (4). and 



\B) H photoacid generator 
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fO Dftficfi ption of Rackoround Art 

L Jd. AS such Short wavelength ^^''^^'^^'^^^^S^^^^^^^ these, a KrF excimer laser (wavelength: 

„ne spectrum ot mercury-vapor hght and an exc.mer ^^l^'^^^l^ ^ i3i„g. 

248 nm) and an ArF excimer laser ^^J^^^^SfSn effect ol a component whfch has an acid-decom- 

[0004] A number of compositions utiLzmg a chemical ^^^^^'^'^^^ irradlaledwilh radioactive rays have been 
Ubie luncional group and a component ^^-^ 9^--^^^^^^ .^^'J.^Tb such excimer lasers. Such a composition 
S^oposedasradi^c.^^^^^^^^^^ 

[OOOSl For exampie. Japanese f^^-* ^"^^'^f ^^^^^ carboxy.ic acid or a t-butyl carbonate group of 

easily soluble in an alkaline developer. , compositions contain a phenol-type base res.n. 

[0006] Most conventional chemically amplified ^a'^'a''^"^®"; ' ultraviolet rays is absorbed by the aromatic 

Len deep u.iraviolet rays are used f^^li;^^^^^^^ 

ring In the resin, so that a sufficient amount ol '''' f'^^^^'^^l^^^^^^ as a consequence, in the case of posrtnre 
The irradiation dose is terger at the resist film ^"-^f^^ '^^"J^r^,^;^^^^^^^ surface parts ^creases progressK/ely 

last by dry etching that it is difficult to <;°"<^°' ^Jl^^^^^^^^ ,he transmrttance of radioactive rays of the 

[0007] The configuration of resist pattem can be methaciylate) exhibits a high trans- 

esistlilm. For example, a (meth) acrylate-lype .[f f'" ^Se^^^^^ radioactive ray transmittance. 

parency to deep ultraviolet rays. This type oue^n^th re ore .^^^^^^^ 

Japanese Patent Application Laid-open """^-^y^HlJ^^.^Zs composition is excellent inasmuch as its per- 
sensit^e resin composition --P^^^ ^^^^^^^^^^^^^ has a drawback o. a U,w dry etching resistance 

lormance ol microf abricat.on is '»"'=«^"«5„"*^*trr.Prtorm Aching with high-resolution. 

due ,0 absence of an aromatic ring. It is JJ^^^^^^*^^^^^^^^^^ in which high or low molecular weight 

[0008] in addrtion. a number of three or ^•9^;'7"'''"°'^^3"^ perlomiance of the resist comprising a 

LdditK/es are incorporated have been ProP^J ^ ^ ^e Zlionship between the radiation iransmittance ol 

chemically amplified radiaUon ^^^^'^'^'^ been completely clarified. In addition, these 

resist films and the function of the additives '^^^,^3°^^'^^^^^^^ characteristics as a resist, such as dry etching 
compositions do not necessarily satisfy an ''f ^i^f por instance, a resist composition disclosed in 
resis'l^nce. pattem configura.on ser>sitMty^; ^^rclp'ses a copotymer containing (meth)acryjte a,,d 
Japanese Patent Application Laid-open No. ^f^''^''^;^^^^ carboxylate. has a difficulty 
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particularly in the area where the fabricated pattern size is 0.20 fim or less. Development of a radiation-sensitive resin 
composition which can effectivety control acid diffusion has been desired from such a point of view. 
[0010] An object of the present invention is therefore to provide a radiation-sensitive resin composition useful as a 
chemically amplified resist which is sensitive to reactive radioactive rays such as deep ultraviolet rays, typified by a 
5 KrF exctmer laser or an ArF excimer laser for example, exhibiting high transparerx:y to radiation, superior dry-etching 
resistance, high resolution, and an excellent property balance such as pattern configuration and sensitivity. 

SUMMARY OF THE INVENTION 

10 [001 1] The above object can be achieved in the present invention by providing a radiation-sensitive resin composition 
which comprises. 

(A) a polymer containing. 

15 (a) a recurring unit (I) of the following formula (1 ); 
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(1) 



X Y 
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Wherein A and B individually represent a hydrogen atom or an acid-decomposable organic group having 20 
or less carbon atoms which dissociates in the presence of an acid and produces an acidic functional group, 
provided that either one of A and B is the acid-decomposable organic group. X and Y individually represent 
a hydrogen atom or an aikyi group having 1-4 carbon atoms, and n is 0 or 1 . or a recurring unit (I) of the above 
formula (1) and a recurring unit (II) of the following formula (2), 



40 



45 





and 



so 



(b) a recurring unit (III) which is derived from a nrtonomer having at least two polymerizable carbon-carbon 
double bonds by cleavage of the carbon-carbon double bonds, wherein the monomer has, in addition to said 
at least two polymerizable carbon -carlxsn double bonds, at least one acid-decomposable divalent group of 
the following formula (3) or (4), 
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I 

C-O-C- (3) 

II I , 

0 r2 



10 wherein and R2 are individually an alkyi group having 1 -5 carbon atoms. 



IS 



20 



R3 

-0-C-O-C- (4) 
0 R* 

wherein and R* are individually an alkyI group having 1-5 carbon atoms, 

said at least two polymerizable carbon-carbon double bonds being linked via the least one acid<iecomposable 
divalent group of the formula (3) or (4), and 

25 (B) a photoacid generator 

[0012] This radiation sensitive resin composition is hereinafter called "a first invention". 

[0013] Altemativefy, the above object can be achieved by a radiation sensitive resin composition which comprises, 
in addition to the components for the above-described first invention, (C) an alicyclic compound having a molecular 
30 weight of 1000 or less, which has an acid-decomposable organic group producing an acid functional group in the 
presence of an acid. 

[0014] The above object can further be achieved in the present invention by providing a radiation -sensitive resin 
composition which comprises, 

35 (A') a polymer containing said recurring unit (I) shown by above-mentioned formula (1 ), 

(B') a photoacid generator, and 

(C) an androstane-1 7-carboxylic acid ester compound of the following formula (5), 




wherein RS. R6, and P7 are individually a hydrogen atom, a hydroxy! group, an alkoxyl group having 1 -4 carbon 
atoms, alkyI carbonyloxy group having 2-5 carbon atoms, or a haloalkyi carbonyloxy group having 2-5 carbon 
55 atoms, is a divalent organic group having 1-10 carbon atoms, and 2 is a monovalent organic group having 20 

or less carbon atoms. 

[0015] This radiation sensitive resin composition is hereinafter called "a second invention". 
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[0016] As the recurring unit (I) of the formula (1 ) for the component (A') in the second invention, the same recurring 
unit (I) of the formula (1) for the component (A) in the first invention can be used. Similarly, as the photoacid generator 
of component (8') in the second invention, the same photoacid generator of the component (B) in the first invention 
can be used. 

5 [0017] Other and further objects, features and advantages of the present invention will appear more fully from the 
following description. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 
10 I. First Invention 
Component (A) 

[0018] The component (A) used in the radiation sensitive resin composition is a polymer which contains (a) a recurring 
'5 unit (I) of the above-described formula (1 ) or a recurring unit (I) of the formula (1 ) and a recurring unit (11) of the above- 
described formula (2). and (b) a recurring unit (III) which is derived from a nrionomer having at least two polymerizable 
carbon-carbon double bonds by cleavage of the carbon-carbon double bonds, wherein the monomer has, in addition 
to said at least two polymerizable carbon-carbon double bonds, at least one acid-decomposable divalent group of the 
above -described formula (3) or (4), and wherein said at least two polymerizable carbon-carbon double bonds are linked 
20 via said at least one acid-decomposable divalent group ol the formula (3) or (4). Such a polymer of the component (A) 
is usually a copolymer prepared from two or more monomers which provide the recurring units (I). (H). and (111), and 
hereinafter called "copolymer (A)' in this specification. The copolymer (A) has an alicyclic skeleton on the main chain 
and a crosslinking structure cleavable by the action of an acid. 

[001 9] In the first invention, a radiation sensitive resin composition with superior properties as a resist, which include 

2S particularly superior transparency to radiations and excellent dry etching resistance^ can be obtained by providing a 
copolymer (A) having an alicyclic skeleton on the nr>ain chain. Particularly in order to provide the composition with 
superb dry etching resistance, the copolymer (A) should have a recurring unit with n=1 in the formula (1). 
[0020] In addition, the copolymer (A) should preferably contains, as substituents A and/or B in the recurring unit (I), 
^ . acidjdecomposable organic groups having 20 or less carbon atoms which generates acid functional groups by decom- 

30 positron in the presence of an acid (hereinafter called acid decomposable organic group (i)). 

, [002AJ -- The lol lowing groups can be given as examples of preferable acid decomposable organic group (i): (cycle) 
alkoxycarbonyl groups such as methoxycarbonyl group, ethoxycartranyl group, n-propoxycarbonyl group, i-propoxy- 
carbonyl group, n-butoxycarbonyl group, 2-methylpropoxycarbonyl group, 1 -methylpropoxycarbonyl group, t-butoxy- 
carbonyl group, n-pentyloxycarbonyl group, n-hexyloxycartx>nyl group, n-heptyloxycarbonyl group, n-octyloxycarbonyl 

35 group, n-decyloxycarbonyl group, cycbpentyloxycarbonyl group, cyclohexyloxycarbonyl group. 4-t-butylcyclohexy- 
loxycarbonyl groups, cycloheptyloxycarbonyl group, and cyclooctytoxycarbonyl group; aryloxycarbonyl groups such 
as phenoxycarbonyl group, 4-t-butylphenoxycarbonyl group, and l-naphthyloxycartX)nyl group; aralky loxycarbonyl 
groups such as benzyloxycarbonyl group, 4-t-butylb en zy loxycarbonyl group, phenethyloxycart>ony! group, and 4-t- 
butylphenethyloxycarbonyl group; l-(cyclo)alkyloxyethoxycarbonyl groups such as 1 -methoxyethoxycarbonyl group, 

^0 1 -ethoxyethoxycarbonyl group, 1 -n-propoxyethoxycarbonyl group, i-propoxyethoxycarbonyl group, n-butoxyethoxy- 
carbonyl group, 2-methylpropoxyethoxycarbonyl group, 1-methylpropoxyethoxycarbonyl group, t-butoxyethoxycarbo- 
nyl group, 1 -cyclohexyloxyethoxycarbonyl group, and 1 -(4'-t -butyl cyclohexybxy)ethoxycarbonyl group; l-aryloxyethcx- 
ycarbonyl groups such as l-phenoxyethoxycarbonyl group and 1-(4*-butylphenoxy)ethoxycarbonyI group; 1-aralky- 
loxyethoxycarbonyl groups such as 1 -benzyloxyethoxycarbonyl group and 1 -(4'-butylbenzyloxy)ethoxycarbonyl group; 

■^5 (cyclo)alkoxycarbonylmethoxycarbonyl groups such as methoxycartx>nylmethoxycarbonyl group, ethoxycarbonyl- 
methoxycarbonyl group, n-propoxycarbonylmethoxycarbonyl group, i-propoxycartxxiyl methoxycarbonyl group, n-bu- 
toxycarbonylmethoxycarbonyl group. 2-methytpropoxycarbonylmethoxycarbonyl group, 1 -methyl propoxycarbonyl- 
melhoxycart)onyl group, l-butoxycartx)nylmethoxycarbonyl group, cyctohexyloxycarbonyl methoxycarbonyl group, and 
4-t-butylcyclohexyloxycarbonyImethoxycartx>nylgroup; (cyclo)alkoxycaftx>nytmethyl groups such as methoxycarbonyl 

50 methyl group, ethoxycarbonylmethyl group, n-propoxycarbonylmethyl group, i-propoxycarbonylmethyl group, n-butox- 
ycarbonylmethyl group, 2-methylpropoxycarbonylmethyl group, 1 -methylpropoxycarbonylmethyl group, t-butoxycarb- 
onylmethyt group, cyclohexyloxycarbonylmethyl group, and 4-t-butyteyctohexytoxycarbonylmethyl group; aryloxycar- 
bonylmethyl groups such as phenoxycarbonylmethyl group, 4-t-butyIphenoxycarbonylmethyl group, and 1 -naphthyl- 
oxycarbonylmethyl group; aralkyloxycariDonylmethyl groups such as benzyloxycarbonylmethyl group, 4-t-butylbenzy- 

55 loxycarbonylmethyl group, phenethyloxycartx>nylmethyl group, and 4-t-butyiphenethyloxycariDonylmethyl group. 2-(cy- 
clo)a!koxycarbonylethyl groups such as 2-methoxycarbonylethyl group, 2-ethoxycarbonylethyl group, 2-n-propoxycar- 
bonylethyl group, 2-i-propoxycafbonylethyl group. 2-n-butoxycarbonylethyl group. 2-(2'-methyipropoxy)carbonytethyl 
group, 2-( V-methylpropoxy)carbonyl.ethyl group, 2-t-butoxycarbonylethyl group, 2-cyclohexyloxycarbonyl ethyl group. 
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bonyl group, and t-buloxycarbonylmethoxycarbOTyl group. X or Y in the recurring unit (I), methyl 

S J;:^:::^^^^ aSSyVopJ .ou. ....yipropy, g.up. an. t- 
?ST'^amp?er:. a monomer which provides such a recurring unit (.). nort>omene derivatives shown by the 
;Sng^r;^r(6) (hereinafter called "norbomene der.at.e (a)") can be g.en. 




..erein A, B, X, V. and n are the same as P-j-^^^^^^^ l^^omele d^)' Se («) with n=0 in the tom.u^ 

30 [002S] The following compounds are given as specific examples 01 noru 

(6) 5-meihoxycafbonylbicyclo(2.2.11hept-2-ene. 
5-ethoxycarbcnylbicyclo(2.2. 1 lhept-2-ene. 
5-n-propoxycarbonylbicyclo[2.2. 1 ]hept-2-ene. 
5-i-propoxycarbonylbicyclo(2.2.11hept-2-ene, 
35 5-n-butoxycarbonylbicyclo[2.2.11hept-2-ene. 

5-(2'-methylpropoxy)carbonylbicyclo(2.2. 1 lhept-2-ene, 
5-(l ■-methylpropoxy)carbonylbicyclo(2.2. 1 )hept-2-ene, 
5-l-butoxycarbonylbicyclo(2.2. 1 lhept-2-ene, 
5-cvclohexy loxycarbonylbicyclo[2.2. 1 lhept-2-ene, 
40 5.(4'.t-butylcyclohexyloxy)carbonylbicyclo(2.2. 1 ]hept-2-ene. 
5-phenoxycarbonylbicyclo(2.2.11hept-2-ene, 
5.( 1 '-ethoxyethoxy )carbony lbicyclol2.2. 1 lhept-2-ene, 
5.(f-cyclohexyloxyethoxy)carbonylbicyclo[2.2.1]hept-2-ene. 
5.t-butoxycarbonylmethoxycarbonylbicyclol2.2.1]hept-2-ene, 
45 5-tetrahydrof uranyloxycarbonylbicyclo(2.2. 1 ]hept-2-ene, 
5-ietrahydropyranyloxycarbonylbicyclo(2.2. 1 lhept-2-ene, 
5-methyl-5-methoxycarbonylbicyclo(2.2. 1 lhept-2-ene. 
5-methyl-5-ethoxycarbonyl blcyclo[2.2.1 lhept-2-ene, 
5-methyl-5-n-propoxycarbonylbicyclo(2.2.11hept-2-ene. 
5-methyl-5-i-propoxycarbonylbicyclo[2.2. 1 lhept-2-ene. 
5^ethyl-5-n-butoxycafbonylbicycloI2.2. 1 lhept-2-ene. 
5-methJl-5-(2--methy.propoxy)carbooylbicyclo[2.2.1lhept-2-ene. 
5-methyl-5-(r.methy.propoxy)carbonylbicyclol22.l]hept-2-ene, 

5-methyl-5-t-butoxycarbonylbicyclol2.2. 1 ]hept-2-ene 
5.methyl-5^yclohexyloxycarbonylbicyclol2.2.11hept-2-ene 
|.mShyl-5-(4M-bu^cyclohexyloxy)carbonylbicyclo(2.2.l|hept-2-ene. 

5-methyl-5-phenoxycafbonylbicyclo(2.2.11hept-2-ene, 
5.methyl-5-( V.ethoxyethoxy)carbonylbicyclol2.2. 1 lhept.2-ene. 
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5-methyl-5-(1 '-cyclohexyloxyethoxy)carbonylbicycio[2-2. 1 ] hept-2-ene, 
. 5-methyl-5-t-butoxycarbonylmethoxycarbonylbicyclo(2.2. 1 ) hepl-2-ene. 

5-methyl-5-tetrahydrofuranyloxycarbonylbicyclc3[2.2- 1 1hept-2-ene, 

5-melhyl-5-tetrahydropyranyloxycarbonylbicyc!o(2.2.l ] hept-2-ene. 
5 5.6-di(melhoxycarbonyl)bicyclo(2.2.1]hept-2'ene. 

5,6-cii(ethoxycarbonyl)bicycto{2.2. 1 lhept-2-ene. 

5.6-<ii(n-propoxycarbonyl)bicyc!o(2.2. 1 lhept-2-ene, 

5.6-di(i-propoxycarbonyl)bicyclo[2.2.1 ]hept-2-ene, 

5,6-di(n-butoxycarbony1)bicyclo[2.2. 1 ]hepl-2-ene, 
10 5.6-di(2'-methylpropoxycarbonyl)bicyclo(2.2.1Jhept-2-ene. 

5.6KJi(r-methylpropoxycarbonyl)bicyclo(2.2. 1 lhept-2-ene, 

5.6-di(t-butoxycart)onyl)bicycIo(2.2.1]hept-2-ene. 

5,6-di(cyclohexy toxycarbonyl)bicyclo[2.2. 1 ]hept-2-ene, 

5,6-cii(4'-t-butylcyclohexytoxycarbonyl)bicyclo[2.2.1lhept-2-ene. 
IS 5,6-di(phenoxycarbonyl)bicyclo(2.2.1]hept-2-ene, 

5.6-di( V-ethoxyethoxycarbonyl)bicyclo(2.2. 1 ]hept-2-ene, 

5.6-di(r-cyclohexyloxyethoxycart)onyl)bicycIo[2.2. 1 ]hept-2-ene, 

5,6-di(t-butoxycarbonyImethoxycarbonyl)bicyclo(2.2. 1 1hept-2-ene, 

5.6-di(leirahydrof uranyloxycarbonyl)bicyclo[2.2. i ]hepi-2-ene, and 
20 5.6-di{lelrahydropyranytoxycarbonyl)bicyclo(2-2. 1 ]hept-2-ene. 

[0026] The following compounds are given as specific examples of norbomene derivative (a) witti n = 1 in the formula 

(6): 

8-methoxycarbonyltetracyclo[4.4.0.l2-5 i7.iojcjcxjec-3-ene. 

8-ethoxycarbonyltetfacyclo[4.4.0. 1 25, 1 7.i ojdodec-3-ene. 
2S 8-n-propoxycarbonyltetracyclo(4.4.0. 1 1 7.iO]cjodec-3-ene, 

8-i-propoxycarbonyltetracyclo(4. 4.0. 12-5. 1 7.1 0]ciodec-3-ene, 

8-n-butoxycarbonyltetracyclo(4.4.0. 1 2-5. 1 7.i Ojdodec-S-ene. 

8-(2'-methylpropoxy)carbonyltetracyclo[4.4.0. 1 2 s 1 7.iO] dodec-3-ene. 

8-(V-methylpropoxy)carbonyltetracyclo[4.4.0. 12-5 17.10] dodec-3-ene, 
30 8-t-butoxycarbonyltetracyclo[4.4.0. l2.5, 1 7.iO]dodec-3-ene. 

8'Cyclohexyloxycarbonyltetracyclo[4.4.0.l2-5 ^ ^ i0]cjodec-3-ene. 

8-(4'-t-butyfcyclohexyloxy)carbonyltetracyclo[4.4.0. 12-5.1 7.10] dodec-3-ene. 

8-phenoxycarbonylletracyclo[4.4.0. l2.5 i7.i0}cjodec-3-ene. 

8-(1 '-ethoxyethoxy)carbonyltetracyclo(4.4.0. l2-S 17.10] dodec-3-ene, 
35 8-(1 '-cyclohexyloxyethoxy)carbonyltetracyclo[4.4.0. 1 2-5. 1 7.iO] dodec-3-ene, 

8-l-butoxycarbonylmethoxycarbonyltetracycio [4. 4.0. 1 1 ^ ■'0]dodec-3-ene, 

8-tetrahydrofuranyloxycarbonyttetracyclo[4.4.0. 1 2-5. 1 7.iO] dodec-3-ene. 

8-letrahydropyranyloxycarbonyltetracyclo[4.4.0.l 2.5 1 7.iO] dodec-3-ene, 

8-methyt-8-methoxycarbonyltetracyclo(4.4.0. 1 2-5. 1 7.iO]^Qclec-3-ene, 
40 8-methyl-8-ethoxycarbonyltetracyclo(4.4.0.l2-5.i7.iO]dodec-3-ene. 

8-methyl-8-n-propoxycarbonyltetracyclo(4.4.0. 1 2 5. 1 7.i0] dodec-3-ene, 

8-methyl-8-i-propoxycarbonyltetracyclo(4.4.0. l2-5.i7.i0] dodec-3-ene, 

8-methyl-8-n-butoxycarbonyttetracyclo[4.4.0. 1 2-5 1 7.i O] dodec-3-ene, 

8-methyl-8-{2'-methylpropoxy)carbonyltetracyclo [4.4.0. l2-5.i7.iO] dodec-3-ene, 
^5 8-methyl-8-(V-methylpropoxy)carbonyltelracyclo [4.4.0.l2-5.i7.ioj dodec-3-ene, 

8-methyl-8-t-butoxycarbonyltetracyclo[4.4.0. 1 2 5 1 7.i0](jodec-3-ene, 

8-melhyl-8-cyctohexyloxycarbonyltetracyclo [4.4.0.12-5. 1 7.iO|cjodec-3-ene, 

8-melhyl-8-(4'-l-bulyl cyclohexyl oxy) carbonyl lelra cycio [4.4.0.12-5 i7,i0](jodec-3-ene. 

8-methyl-8-phenoxycarbonyltetracyclo[4.4.0. 1 2 5 1 7.iO]jjQcjec-3-ene, 
50 8-melhyl-8-( V-ethoxyethoxy)carbonyltelracyclo (4.4.0. l2-5 i ^.lOj^jQclgc-S-ene. 

e-methyl-8-(1 '-cyclohexyIoxyethoxy)carbonyltetracycto [4.4.0. 1 25 j 7.iojdodec-3-ene, 

8-methyl-8-t-butoxycarbonylmethoxycarbonyttetracyclo [4.4.0. 1 2-5 1 7.i0]dodec-3-ene, 

8-methyl-8-tetrahydrofuranyIoxycarbonyltetracyclo (4.4.0.12.5 1 7, iOjcJodec-3-ene, 

8-methyl-8-tetrahydropyranyloxycarbonylletracyclo (4.4.0. 1 2-5 1 7.iO]dodGC-3-ene, 
55 8,9-di(methoxycarbonyl)tetracyclo[4.4.0.l2 S.i7.i0] dodec-3-ene. 

8.9-di(ethoxycarbonyl)tetracyclo(4.4.0. 1 2-5 1 7.i0]dodec-3-ene, 

8.9-di(n-propoxycarbonyl)tetracyclo[4.4.0. l2-5. 1 7.i0]dodec-3-ene. 

8,9-di(i-propoxycarbonyl)tetracyclo[4.4.0. 1 2 5 1 7.iOjjjQdec-3-ene, 
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S,9-di(2'-memylpropoxycarbonyl)telracycM4A0. 
8 9-di r-methylpropoxycarbonyl)tetra«:yclo(4.4.0j2Sj7-^°l dodec-a-e 

Tg-d -butojcarbooyl)tetracyclo(4.4.0.1^5.l7.i0]d<^^^^^ 
: XcrxyloxycarbonyOta^^^^^^ 

8 9-di 4M.butylcyclohexyloxycarbonyl)tetracyc^o I4A0.12^.17^ 3 ene, 

8 9Kl(phenoxycartxx,yl)te.racyclo(4.4.0.1 s.i^. Idc^^^^^^^ 
8 9-d (1^e.hoxyemoxycarbonyl)tetracyclo(4.4.0.l2^5^1^'<^^ 
8 gWv^yclohexyloxyethoxycarbonyOtetracyclo 4.4.0.12^^^^^^ 

8;9J(.-butoxycarbony.methox.^^^^^^^^ 

e,9-di(tetrahydrofuranyloxycarbonyl)telracyclo ^ ioidodec-3-ene 

8,9Kli{tetrahydropyranyloxycarbonvJtetracyd^^^^^^^ 

[00271 The recurring units (!) maybe present either '"*^"f' ^ contain the recurring unit (II) of 

002?] in addition to the abovoKiescribed recurn^^^^^^^ I ^ 

the above formula (2). The recurr«.g ""^ > of the recurnng unit (II) accelerates 

rs— --^^^^^^ 

^ The recurring unit (I.I) has a .unct.n o. --g — ^ 

inoderale branched structures in the «>Po'ym«' (A), .'f is ,o decrease the molecular weight of the 

resistance of the copolymer (A). Another '"""^^'^^ °\ branched structures in the copolymer 
copolymer (A) through decomposition wrth an acKl " wfth polymers with a straight 

(A) bj the recurrhg unit (HI) lowers the -^^oh J^Sy^^^^^^ 

Chain structure. This increases the molecular '^^'S^ ^'^^y!^'^^^^^ which decomposes in the presence of an 
resistance and resolution as a resist^ Moreover^ ::r(Mses7he b^^^^^ structure in the copolymer (A) todestroyi 

^zirzgr=^^ 

hereinafter called "monomer (p) . 3. ^ synthesized, for example, by 

he acyl chtoride of the monovalent carboxylic 3 oi reacLg the polyol and the 

carboxyl^ acid using a coupling agent ^"^^^f f^^^^^^'t'^i^^^^^ as trifluo,oace.ic acid anhydride as a 

monovalent carboxylic acid in the PJ^^^^^^^^^^^^^^ 

fS'r^po^^^^^^^^^^^ 

used lor synthesizing the monomer (P) which has an ester group (3) 

45 R 
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that R9 is a single bond when i=2 . and i is an integer of 2 to 4. 
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wherein R, which exists two or more may be identical or different trom each other, has the same meaning as the R\ 
R2. r3, or previously defined in the formula (3) or (4). Rio indicates an alkyi group having 1 -5 carbon atonr^, with 
two or more R^o. if present, being either identical or different from each other, j is an integer from 2 to 4, and p Is an 
integer from 0 to 4, provided that j+p ^ 6. 



wherein R. which exists two or more may be identical or different from each other, has the same meaning as the RV 
R2 r3, or R^ previously defined in the formula (3) or (4). R^^ indicates an alkyI group having 1-5 carbon atoms, with 
iwo or more Ri\ if present, being either identical or different from each other; R^^ indicates an organic group with a 
valence of z, -0-, -S-, -CO. or -SO2-, k is an integer of 1 or 2, q is an integer of 0-3, and 2 is an integer of 2-4. 
[0034] The following compounds are given as examples of the compounds of the formula (7) : divalent tertiary alco- 
hols such as 2.3-dimethyl-2.3-butanediol, 2,3-diethyl-2.3-butanediol, 2,3-di-n-propyl-2,3-butanediol. 2.3-diphenyl- 

2.3- butanediol. 2,4-dimethyl-2.4-pentanediol. 2.4-diethyl-2.4-pentanediol. 2,4-di-n-propyl-2,4-pentanediol, 2.4-diphe- 
nyl-2.4-pentanediot. 2.5-dimethyl-2.5-hexanediol, 2,5-diethyl-2,5-hexanediol. 2.5-di-n-propyl-2,5-hexanediol. 
2.5-diphenyl-2.5-hexanediol, 2,6-dimethyl-2.6-heptanediol, 2,6-diethyl-2.6-heptanediol, 2,6-di-n-propyl-2.6-heptane- 
dioL and diphenyl-2,6-heptanediol; tri-valenl tertiary afcohols such as 2.4-dimethyl-2,4-dihydroxy-3-(2-hydroxypropyl) 
pentane. 2.4-diethyl-2.4-dihydroxy-3-(2-hydroxypropyl)pentane, 2,5-dimethyl-2,5-dihydroxy-3-(2-hydroxypropyl)hex- 
ane, and 2,5-diethyI-2.5-dihydroxy-3-{2-hydroxypropyl)hexane; and tetra-valent tertiary alcohols such as 2,4-dimethyl- 

2.4- dihydroxy-3,3-dl(2-hydroxypropyl)pentane, 2,4-diethyl-2,4-dihydroxy-3.3Hji(2-hydroxypropyl)pentane. 2,5-dime- 
lhyl-2,5-dihydroxy-3.4-di(2-hydroxypropyl)hexane, and 2,5-diethyl-2,4-dihydroxy-3,4-di(2-hydroxypropyl)hexane. 
[0035] As examples of the compound of the formula (8), 1 ,4-di(2-hydroxyprDpyl)benzene, 1,3-di(2-hydroxypropyl) 
benzene. l,3,5-tri(2-hydroxypropyl)benzene. and 1,2,4.5-tetra(2-hydroxypropyl)ben2ene can be given. 

[0036] As examples of the compound shown by the formula (9), 
2.2-bis{4-(2-hydroxypropyl)phenyl}propane. 
1,2.2-tris{4-(2-hydroxypropyl)phenyl}propane. 
1 ,2,3,4-!etra{4-{2-hydroxypropyl)phenyl)butane, 
bis{4-(2-hydroxypropyl)phenyl}ether, 
bis{4-(2-hydroxypropyl)phenyl}sulfide, 
bis{4-(2-hydroxypropyl)phenyl)ketone. and 
bis{4-(2-hydroxypropyl)phenyl)sulfone can be given. 

[0037] Of these di- to tetra-valent tertiary alcohols of the formula (7) to (9), 2.5-dimethyl-2,5-hexanediol, 1 .4-di(2-hy- 
droxypropyl)benzene, 1,3-di(2-hydroxypropyl)benzene, and the like are particularty preferred. 
[0038] As examples of ironovalenl carboxylic acid having a potymerizable carbon -carbon double bond which is used 
for synthesizing the monomer (P) having the ester group (3), unsaturated nnonocarlxjxylic acids such as (meth) acrylic 
acid and crotonic acid can be given. 

[0039] The monomer (p) which has the carbonate group (4) can be prepared by reacting a polyol having at least one 
tertiary hydroxy! group with phosgene, for instance, to obtain a poly(chloroformate) compound, then reacting this com- 
pound with a monohydric alcohol having one potymerizable carbon -carbon double bond. 

[0040] As the polyol having at least one tertiary hydroxyl group used for preparing the monomer (p) having the 
carbonate group (4). the same di- to tetra-valence tertiary alcohols that have been given as the polyols for synthesizing 
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\ .3-di(2-hydroxypropyl)benzene. and j^^^ "'l^^:^.^^^^^^^^^ carbon^artxx, double bond used for 

[0042] Given as examples of monohydnc alcohol tev^g P°J^^;;^^ 33 ^roxy styrene. m-hydroxy 
5 preparing the monomer (P) having carbonate group ^'l^'^^tZSZt^t^open^^^^ hydroxyalkyl (meth) 
styrene. p-hydroxy styrene. o-isopropenylphenol, S-hydroxVPropyl (meth)acrylate, 

^crylates' sJch as ^-hydroxyemy. (meth)ac^^^^^^^^^^^^ ,„e. 
2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (rnetf^^cn^l^^^^^^^^^ 

[0043] These recurring units (III) may be present ^'the s r^gly or ^^J'-^J^'^V^ may include one or more 

,0 0044 in addton to the aboveKJescribed recurring ""^^^ f^;^^"^^^^^^ unrts may be a recurring 

Lurrlng units onginatingfromoth^po^^^^^^^^^^ 

unit obtained by cleavage of a polymerizable ^^'°^"t,lomDosable qroup (hereinafter called 'norbomene derwatwe 
a norbomene derivative wtnlch does not have an ^'^'^'^^^'^^^^^ double bond possessed by other com- 
,,norarecurr.gunitobta.ed^^^^^^^ 

,5 pounds havng a .P°^,';^^"^,f ° called "other recurring units"). 

as examples o, the norbomene derivative (.) : 

5mcthylbicyclo(2.2. 1 ]hept-2-ene. 
5-cihylbicyclol2.2.1]hept-2-ene, 
:o 5hydioxybicyclo|2.2. 1 lhepl-2-ene. 

5iiyOioxy.Tiethylbicyclo(2.2.11hept-2-ene. 
ici.Hcyciol'i 4.0.l2 S.l7 'O]dodec-3-ene, 
.-. „,c<hyl.c.racyclo[4.4.0.l2-5 l7-ioidodec-3-ene, 
e cmvnc...-.cyclo{4.4.0.l2-s.l7 ^«»]dodec-3-ene, 
. „Yd.o,y.ciracyclol4.4.0.l2-5.l7-i0idodec-3-ene. 
1 „yd.oxvmoihylletracyclo(4.4.0.l2-5. 1 7.io,dodec-3-ene, 
i.uo.oiciMCyclol4.4.0. 1 2-5. l^.iOldodec-S-ene, 

..u.o.-nothylielracyclo(4.4.0.l2.s.l7.iO|dodec-3-ene. 

. ,„M,.r.n,roihyltetra cyclol4,4.0.l2.5.i7.io,dodec-3-ene. 
V ,„M..o.oa.nihyHelracyclol4.4.0.l2S.l7.'0ldodec-3-ene. 

. poo,..iucroelhyltetracyclo(4.4.0.l2-5.i7.i0]dodec-3-ene, 

.;^.d.nuo.ctGtracyclo(4.4.0.l2-5.l7.i0]dodec-3-ene, 

; o.d.lluorcle.racyclol4.4.0.l2.5i7.iO)dodec-3-ene^ . 

e ..t>s...,lluoromethyl)tetracycM4.4.0.l2.s 1 Aio,AxJec-3-ene, 

^.mctt,y|.S-hydrdxyomethyltetracyctol4.4.0.l25^1^">ldodec-3-ene. 

e =..b.s(.,.nuoromethyl)tetracyclo[4.4.0.l2-5.l"0,dodec-3-ene, 

A.mcthyi-S-lrilluoromethyltetracyclol4.4.0.l25.l7.io,dodec-3-ene. 

6 = o.,„iiuoroietfacyclo(4.4.0.l2-5.l7-^°ldodec-3-ene 
5 = o.„.s<iraiuoromethyl)tetracyclo(4.4.0.l2.5.l7.io, dodec-3-ene, 
.0 s = Q ^•<cif«lluorotetracyclo(4.4.0.l2S.i7.io,dod^-3-ene 

5 5 9 9..c.rHk.s(trifluororpethyl)tetracyclol4.4.0.l2S 7-10 dodec^^^^ 

8 :;-d.liuoro-9 9-bis(trifluoromethyl)tetracyclo [4.4.0.l2-5.l7 .'Oldodec-3-ene. 
e o 8 9-bls (trlfluoromethyl)tetracyclo 14.4.0.12.^^ 

J loro:94rif,uoromethyltetracyclo[4.4.0.l".1^ -1 do^^^^ 

I <,.,nnuoro-9-,rifluoromethoxy.et,acyclo [^^ "^"^iV^f^^Sec 3 ene 

6 5 9-.n(iuoro-9-pentafluoropropoxytetracyclo l4-* 0^"^';2To ^2 5^^oidodec-3-ene 
lnuoro.8.pen,afluoroethyl-9,9-bis(trtfluoromethyl) tetracyclcJ4^X)^2S^l^^ ]d^ 

8 9 d.nuo.o 8.hepiafluoroisopropyl-9-lrifluoromelhyUelracyclol4.4.0.l2.s.l7.i0]dodec ene. 

8^..lo.<>8.9,94rifluprotetracycM4.4.0.l2S.l7.io,dodec.^^^^^^^^^^ 
so 8.9-d.chloro^,9-bis(trifluoromethyl)tetracyclo[4.4A 2- . M^^^ 

55 ,elracyclol4.4.0.l2-5.i7.io.oi.6idodec-3-ene, 

8-methyltetracyclo[4.4.0.l25l7.io.oi-6idodec-3-ene. 
8-e»hylidenetetracyclo(4.4.0.l2fi7.i2]dodec-3-ene, 
8-ethyiidenetetracyclol4.4.0.l2.5.l7..oo..6idodec-3-ene. 
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pentacyclo[6.5. 1 .1 3-6 o2-7 oQ-i3]pentadec-4-ene. and 
pentacyclo(7.4.0.1 2-5 1 912 08.i3|pentadec-3-ene. 
[0046] The following norbornene derivatives can also be used: 
5K)xobicyclo[2.2. 1 ]hept-2-ene, 
5-hydroxymethyloxycarbonylbicyclo(2.2. 1 ]hept-2-ene. 
5-(2-hydroxyethyl)oxycarbonylbicyclo(2.2. 1 ]h8p1-2-€ne, 
5-(2-hydroxypropyl)oxycaftx)nylbicyclo(2.2. 1 lhept-2-ene, 
5-(2-hydroxybutyl)oxycarbony lbicydo[2, 2. 1 ]hept-2-ene, 
8oxotetracyclo[4.4.0. 1 2^. 1 7.i0]ciodec-3-ene. 
8-hydroxymethyloxycarbonyltetracyc!o[4.4.0.l2.5. 1 7:i0]dodec-3-€ne, 
8-(2-hydroxyethyl)oxycarbonyltetracyclo(4.4.0. l2-5 i7.i0] dodec-3-ene, 
8*(2-hydroxypropyl)oxycarbonyltetracycb[4.4.0. 1 2.5. 1 7.iO] dodec-3-ene, 
8-(2-hydroxybutyl)oxycarbonyltetracyclo(4.4.0. l2.s.i 7,i0j dodec-3-ene, 
8-methyt-8 -hydroxy methyloxycarbonyltetracyc to (4.4,0. 1 2-5. 1 7.iO]dodec-3-ene, 
8-methyl-8-{2-hydroxyethyl)oxycarbonyltetracyclo [4.4.0. l2-5. 1 7,i0]ciodec-3-ene, 
8-methyl-8-{2-hydroxypropyl)oxycarbonyltetracyclo [4.4.0. 12-5/] 7, joj^odec-S-ene. 
8-methyl-8-(2-hydroxybutyl)oxycarbonyltelracyclo [4.4.0. l2.5 i Aioj^odec-S-ene. 
bicyclo(2.2.1 )hepl-2-ene-5-(Y-t>utyroiaclone-2-yl) carboxylate, 
bicyclo(2.2.1lhept-2-ene-5-methyl-5-{Y-bulyrolactone-2-yl)carboxylate, 
tetracyclo[4.4.0. l2-5/| 7.i0jjjQciec-3-ene-8-(Y-butyrolactone-2-yl)carboxylale, and 
tetracyclo[4.4.0.l2-5i7.i0]dodec-3-ene-8-methyl-8-(7-butyfolactone-2-yl)carboxylate. 

[0047] The following compounds are given as examples of nrK>nomer (6) : (meth)acrylic acid esters such as (meth) 
aery late, norbomyl (meth)acrylate. isobornyl (meth )acry late, tricyclodecanyl (meth )acry late, tetracyclododecanyl 
(meth)acrylate, dicyclopentenyl (meth)acrylate. adamantyl (meth )acry late, adamantylmethyl (melh)acrylate, 1-methy- 
ladamantyl (meth)acrylate. methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl(meth)acrylate, n-butyl (meth)acrylate, 
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate. 3-hydroxypropyl (meth)acrylate, cyclopropyl (meth) 
acrylate. cyclopentyl (meth)acrylate, cyctohexyl (meth)acrylate. cyclohexenyl (meth)acrylate, 4-methoxycyclohexyl 
(meth)acrylate, 2-cyclopropyloxycarbonylethyl (meth)acrylate, 2-cyclopentyloxycarbonylethyl (meth)acrylate, 2-cy- 
clohexyloxycarbonylethyl (meth)acrylate, 2-cyclohexenyloxycartx)nylethyl (meth)acrylate, 2-(4-methoxycyclohexyl)ox- 
ycarbonylelhyl (meth )acry late, and 2-acetoxyethyl (meth) acrylate; a-hydroxymethyl acrylates such as methyl a-hy- 
droxymethyl acrylate. ethyl a-hydroxymethyl acrylate, n-propyl a-hydroxymethyl acrylate. and n-butyl a-hydroxymethyt 
acrylate: vinyl esters such as vinyl acetate, vinyl propionate, and vinyl butyrate; unsaturated nitrile compounds such 
as acrylonitrile, a-chloroacrylonitrile, crotononitrile, matononitrile, fumaronitrile, mesacononitrile, citracononitrile, and 
itacononitrile; unsaturated amide compounds such as (meth)acrylamide, N,N-dimethyl(meth)acrylamide. crotonamide. 
maloamide, fumaramide, mesaconamide, citraconamide, and itaconamide; other nitrogen-containing vinyl compounds 
such as N-vinyl-e-caprolactam. N-vinyl pyrrolidone, vinylpyridine, and vinyl imidazole; unsaturated carboxylic acids 
such as (meth)acrylic acid, crotonic acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, and mesaconic acid; 
carboxy! group-containing esters of unsaturated cartxDxylic acid such as 2-carboxyethyl (meth)acrylate, 2-carboxypro- 
pyl (meth )acry late, 3-carboxypropyl (meth)acrylate, 4-carboxybutyl (meth )acry late, 4-carboxycyclohexyl (meth)acr- 
ylate. carboxytricyclodecanyl (meth)acrylate, and carboxytetracyclodecanyl (meth)acrylate; and compounds derived 
from said unsaturated carboxylic acids or carboxyl group-containing esters of unsaturated cartjoxylic acid by replacing 
a hydrogen atom in the cartx)xyl group with an acid-decomposable organic group (hereinafter called "acid-decompos- 
able organic group (ii)") exemplified below. 

[0048] As examples of acid-decomposable group (ii), substituted methyl groups, 1 -substituted ethyl groups. 
T -branched alkyi groups, silyl groups, germyl groups, alkoxycartK)nyl groups, acyl groups, and cyclic acid-decompos- 
able groups (excluding alicyclic groups) can be given. 

[0049] Specific examples of substituted methyl groups Include methoxymeihyl group, melhylthiomethyl group, 
elhoxymelhyl group, elhyllhiomelhyl group, methoxyelhoxymethyl group, benzykjxymelhyl group, benzylthiomelhyl 
group, phenacyi group, bronrrcphenacyl group, methoxyphenacyl group, methylthbphenacyl group, a-methylphenacyl 
group, cyclopropylmethyl group, benzyl group, diphenylmethyl group, triphenylmethyl group, bromobenzyl group, ni- 
trobenzyt group, methoxybenzyl group, methylthiobenzyl group, ethoxybenzyl group, elhylthiobenzyl group, piperonyl 
group, methoxycarbonylm ethyl group, ethoxycartwiylmethyl group, n-propoxycartx>ny(methyl group, iso-propoxycar- 
bonylmethyl group, n-butoxycartX)nylmethyl group, and t-butoxycarbonylmethyl group. 

[0050] Given as examples of 1 -substituted ethyl groups are 1 -methoxyethyl group, 1 -melhylthioethyl group, 
1 ,1 -dimethoxyelhyl group, 1 -ethoxyethyl group, 1 -ethytthioethyl group, 1 . 1 -diethoxyethyl group. 1 -phenoxyethyl group, 
1-phenylthioethyl group, 1 .1 -diphenoxyethyl group, 1 -benzyloxyethyl group, 1 -benzylthioethyl group, 1 -cyclopropyle- 
thyl group. 1 -phenylethyl group, 1,1-diphenylethyl group. 1 -methoxycarbonylethyl group, l-ethoxycarbonylethyl group, 
1 -n-propoxycarbonylethy( group, 1 -iso-propoxycarbonylethyl group, 1 -n-butoxycarbonylethyl group, and 1 -t-butoxycar- 
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10 group, 



75 



20 



25 



group, t-butoxycarbonyl group, and the '"^^ ^" 9'"^"^ ^ , o^p, butyiyl group, heptanoyi group, hexanoyi 
FoOSS] GK^en as examples o, acyl groups are acetyl g^^p', pa.mitoyl group, stearoyl group 

group, valeryl group, pivaloyi group, 's°-valeryl group W 9 P v ^ ^^^^^^^^ g.^up, azelaoyi 

oxalyl group, mator,yl group, scucnyl ^'^'^^J^^^'T^.^M crotonoyi group, oleoyi group, maleoyi 
group, sebacoyi group, acryloyi group. P-^^P'^^' ^^^^^^ pMhaloyi group, iso^hthaloyl group, 

group, fumaroyi group, r^esaconoyl group, airopoyl group, cinnamoyi group, turoyi 

Tere^^maloyl group, naphthoy. group. '°'"°y' J^^alp pToCJeslnyl grSup, mesyl group, and ihe like, 
group, mer^oyl group, r,ico.inoyl group, 9™"P' J^^.^exyl group tetrahydropyrar^yl group, tetrahy- 

5x)56] AS examples of cyc.k: -=''^^«-'"P°^^ 2°^^^^^^^^^ group. 4-meth- 

0058 When the copo^mer (A) contains '^l'^'""'^:^ ^^^^^ moio/o, and more preferably from 

conteit of the recurring unit (1) is usualV trom 30 ^-^ "^^^'^^^'^^ preferably Irom 2 to 65 mol%, and 
40 to 97 mol%; the content of the recurnng ""' '"'^^"^"Xe other recurring units is 50 mol% or less, preferably 
particularly preferably from 3 to ^0 rr^-^^ ^lesT fie clfe^o^ the recurnng unit (1) is less lhan 30 mo./, the 

oTrTeS^—ds 50 mo.., the d. etching resistance, 
sensitivity as a resist, and adhesion with substrate tend to "^^^^^'^^^ ,^,„;^^ unit (HI), and the other 

[00591 When the copolymer (A) compr.ses ^^^^f^" ^^'m ^T^^^^ '^-^ 35 to 55 mol%. and 

'recurring un«. the content of the recurnng ""^J^f "^^^^^^^^ ° ^3 ,3,a«yLm 30 to69mol%. preferably frorn 

^ore preferably from 40 to 50 mol%; the °* '^^^^^^^^^^^ ,ecLing unit (111) is usually from 1 to 40 

35 to 64 mol%. and more preferably f ron. 40 to ^^ r^^^Jl^^'^^^^ the content of the other recurring 

mory.. preferab^ from 2 to 30 mol%. and -oj. Pre.erabV '^^ ^ t^20 m ^^^^ ^^^^ ^, 

unit is usually 30 mol% or less, preferably 20 mol /c or decrease If the content of the recurnng unit 
r^urring unl (1) is less than 30 mol%. the ^^^^T «t=^^^^^^^^^^^ :s?u ^o^as a « more than 69 mol%. on the 
{,,) is less than 30 moRt. the compos«»n >f ^^^"^f '^^'^^^^^^^^^ of the recurring unrt (HI) is less than 1 mol%, 
other hand, the dry etching resistance '^"^^ "^^^^^^ i ^ore than 40 mol%, on the other hand, 

.ecompos™o„ 



35 



40 



45 



(a) 

so monomer (a) 



55 
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[0062] Given as examples of the solvent used in the polymerization are alkanes such as n-pentane, n-hexane, n- 
heptane. n-octane. n-nonane, and n-decane; cycloalkanes such as cyclohexane. cycloheptane. cyclooctane, decalin, 
and nort>omane; aromatic hydrocartxDns such as benzene, toluene, xylen . ethylbenzene. and cumene; halogenated 
hydrocarbons such as chlorobutane, bromohexane, dichloroethane, hexam ethylene dibromide, and chlorobenzen ; 
5 saturated carbqxylic acid esters such as ethyl acetate, n-butyl acetate, i-butyl acetate, and methyl propionate; and 
ethers such as tetrahydrofuran, dimethoxyethane, and diethoxyethane. 
[0063] These solvents can be used either individually or in combinations of two or more. 

[0064] The polystyrene-standardized weight average molecular weight (hereinafter referred to as "Mw") of the co- 
polymer (A) determined by gel permeation chromatography (GPC) is usually from 5.000 to 300,000, preferably from 
10 5.000 to 200.000, and nrK5re preferably from 10,000 to 100,000. If Mw is less than 5.000, the heat resistance of the 
copolymer (A) as a resist tends to be impaired; if more than 300.000. on the other hand, developability of a resist tends 
to be inrtpaired. 

[0065] When the copolymer (A) contains the crosslinking structure of the recurring unit (III) in the molecule, the ratio 
(Mw/Mn), which is the ratio of polystyrene-standardized weight average molecular weight (Mw) to polystyrene-stand- 
'5 dfdi/ed number average molecular weight (Mn) determined by GPC, of the copolymer (A) teods to increase. The 
grcHier the introduction ratio of said crosslinking structure, the higher the ratio (Mw/Mn). The ratio Mw/Mn of the co- 
polymer (A) is preferably from 1 .5 to 100. more preferably from 5 to 50, and particularly preferably from 10 to 30. If the 
fHiio Mw/Mn is less than 1.5, it may be difficult to obtain a sufficient contrast; if more than 100, the devetopment per- 
/lormance of the resist tends to decrease. 
CO I [0066] Moreover, the ratb of the area occupied by Ihe components with Mw of less than 2.000 (hereinafter called 
[ "kjw tfiolecular weight components') in the gel permeation chromatogram of the copolymer (A) is preferably 30% or 
1 -ic->s more preferably 20% or less, and even more preferably 10% or less, in the total area. If the ratio of the area 
1 cx c upicd by the low molecular wetqht components exceeds 30%, it nr«y be difficult to obtain a sufficient contrast. The 
I . If nouni dI the low molecular weight components in the copolymer (A) can be reduced by treating the copolymer obtained 
- : 1 L , ui : . I Dovc -mentioned method (a) by means of, for example, r e-precjpitation with a poor solve nt, l iquid-liquid extrac - 
l uci rq rt g ood solvent and a poor solvent or su per critical extractio n. " 
L |0067] In addition, the amount ofTestdual monomers in the copolymer (A), in terms of the area ratio in gel permeation 
I f t vn.iioqram, should preferably be 2% or less^ more preferably 1% or less, and particularly preferably 0.5% or less. 
. t! ..irnnuni of the residual monomers exceeds 2%. storage stability of the composition tends to dec'rease. 
-V (0068] In the first invention, the copolymer (A) can be used either individually or in combinations of two or more. 

r..vnponcnt (B) 



[00691 The component (B) in the first invention is a photoacid generator which generates an acid by exposure to 
iHdMtion (hereinafter called 'exposure"). 

[0070] The acid generator (B) causes the acid-decomposable organic groups which are present in the copolymer 
I A J o' in the alicyclic compound (C) described later as a preferable embodiment to dissociate by the action of the acid 
whch IS generated by exposure. a result, exposed area in the resist film becomes easily soluble in an alkaline 
dove opcr whereby a positive tone resist pattern can be formed. 
•^0 (0071] As examples of such an acid generator (B), onium salts, halogen-containing compounds, diazoketone com- 
pounds sullone compounds, sulfonic acid compounds, and the like can be given, 

(0072) The following compounds can be given as examples of specific compounds used as the acid generator (B). 



Qnium sHil . . 

J:? 

[0073] lodonium salts, sulf onium salts (including tetrahydrothiophenium salts), phosphonium salts, diazonium salts, 
pyf idinium salts, and the like can be given as onium salts. 

[0074] The lollowing compounds can be given as specific examples of preferable onium salts: diphenyliodonium 
iirfiuoiofnethanesulfonate, diphenyliodonium nonafluoro-n-butanesulfonate, diphenyliodonium pyrenesulfonate, 

50 diphenyliodonium dodecylbenzenesulfonate, diphenyliodonium hexafluoroantimonate. bi$(4-t-butyl phenyl )iodoni urn 
iriMuoromethanesulfonate, bis(4-t-butylphenyl)iodonium nonafluoro-n-butanesulfonate, bis(4-t-butylphenyl) iodonium 
dodecylbenzenesulfonate, bis{4-t-butylphenyl)iodonium naphthalenes u If onate. bis(4-t-butylphenyl) iodonium hex- 
afluoroantimonate. triphenylsulfonium trifluoromethanesulfonate, triphenylsulfonium nonafluoro-n-butanesulfonate, 
trtphenylsulfonium hexafluoroanlinnonate, triphenylsulfonium naphthalenesu If onate, triphenylsulfonium camphorsul- 

55 fonate, (hydroxyphenyl)benzenemethylsulf onium toiuenesulfonate. cyclohexylmethyl(2-oxocyclohexyl)su If onium trif- 
luoromethanesulfonate; dicyclohexyl(2-oxocyclohexyl) sulfonium trifluoromethanesulfonate, dimethyl(2-oxo cy- 
clohexyl)sulfonium trifluoromethanesulfonate. (4-hydroxyphenyl)benzylmethylsulfonium toiuenesulfonate. 1 -naphthyl- 
dimethylsulfonium trifluoromethanesulfonate, 1-naphlhyldiethylsultonium trifluoromethanesulfonate, 4-cyano-1 -naph- 
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10 



IS 



luoromethane sulfonate. 4-hydroxy-1 ^^^'^'^^'^f'^^^'^^^^^ .rifluoromethanesul- 
fonate, ^-methoxy-l-naphthyltetrahydrolhiophenu^no^^^^^ ,e,rahydrothiophenium irifluoromethanesul- 

,ona,e,4-ethoxymethoxy-1-naphthylte.rahydr^^^^^^^^ 
thyltetrahydrothiophemumtrifluorome,ha^^^^^^^^ 

omethanesutfonate,4-methoxycarbonyloxy-l-naphmytte^^^^^ 4-n-propoxycarbonyloxy-l-naphthyltetrahydro 
bonyioxy-1-naphthyttetrahydrothiophen.umn« ..^.^^eth- 

anesulfonate, 4-n-butoxycartK)nyloxyO-naphthime^«hyd^^^^^^^^ 

.H^^'T^iA QPirl thn like 



anesuttonate, and the like, 
20 Hatoaen-cQntaininq compounds: 



25 



30 



35 



,007s, -H=^.M r'"'':i=r?p^ric.r;— 



2.2,2-trichloroethane, and the like 
Diazoketone compounds: 



^ 1 o^ikPtn-Pdlazo compounds, dia20benzoquinone compounds, diazonaphtho- 
[0076] As diazoketone compounds. 1 . 3-diketo-2-diazo compouna ■ diazoketone compounds are 1 .2-naph- 

UnoL compounds, and , he like can be g.en. Spec,f,cexannj2 of ^ 

moquinonediazido.4-sulfonyl chloride, 1,2-naph^ho^^^ 

-SJSf^^r?^^^^^^^ 

Sutfone compound: 

. . . .< i\ tu^Aj^ ortrl iHo likP 



40 



45 



so 



55 



lones can ow yivon. w^^^v*..." « - 

sulfone, bis(phenylsutfonyl)melhane. and the like 

Sultonic acid compound: 



(0078, AS sulfonic acid compounds, for example, alkyi ^^^^^-^^^^^^^^ 'JS^:!::::^:!! 
Llfonate, irT,ino su«ona.e and the like can be g.ven. ^^^^^^^^^^^^^ S^^xyLhracene-2-sulfonate, trrtluor- 

benzointosy^te, '-.rifl-rc^ethane su.^ate of p^^^ Uffluoromethane sulfonate, 

i-th^:ri=T^^^^^^^^^ 

afluoro-n-butanesuHonate, triphenylsulfon-um tnflu^^^^^ 

,onate.cyck,hexylmethy.(2.oxocyc2he^^^^^^^ 4.hydroxy-1 -naph- 

nium trifluoromethanesullonate, d'n^ethyl(2-oxocycionexy.)su lo truiuoromethanesul- 
,hyld^ethylsulfonium trifluoromethanesu«ona,e 4.hydroxy^-naph^^^^^^^^^ 
,onate.4-lthoxy-1.aphthy,-tetrahydrothiophen.um^^^^^ 



15 



RNSnnClO <EP 0930541 A t_l.> 



EP 0 930 541 A1 



[0080] These acid generators (B) can be used either individuaiJy or in combinations of two or more in the composition 
of the first invention. 

[0081] To optimize and balance sensitivity and developability as a resist, the amount of the acid generator (B) used 
in the composition of the present invention is usually from 0.1 to 10 parts by weight, and preferably from 0.5 to 7 parts 
5 by weight, for 100 parts by weight of the amount of the copolymer (A). If less than 0.1 part by weight, sensitivity and 
developability tend to be insufficient; if more than 10 parts by weight, on the other hand, the transparency to radiation 
of the resist tends to be impaired so that it is difficult to obtain a rectangular resist pattem. 

Component (C) 

10 

[0082] The component (C) which is optionally used in the first invention is an alicyclic compound having a nrolecular 
weight of 1000 or less, which has an acid-decomposable organic group producing an acid functional group in the 
presence of an acid. Such a compound is hereinafter called "alicyclic compound (C)V 

[0083]. The groups previously described as examples for the acid-decomposable organic group (ii) can be used as 
IS the acid-decomposable organic group in the alicyclic compound (C). 

[0084] To use the radiation sensitive resin composition in this embodiment as a chemically amplified resist, an ArF 
excimer laser (wavelength: 1 93 nm) or a KrF exclmer laser (wavelength: 248 nm) can be preferably used as a radio- 
active ray. 

[0085] The following compounds can be given as examples of the alicyclic compound (C) preferably used with an 

20 ArF excimer laser: adamanlane compounds such as t-bulyl adamantanecartxixylate, lelrahydropyranyl adamantane- 
carboxylate, 3-oxocyclohexyl adamantanecartxjxylate, t-butoxycarbonylmethyt adamantanecarboxylate. mevalonol- 
actone .ester.of adamantanecarboxy lie acid, t-butyl 1 -adamantylacetate, tetrahydropyranyl 1 -adamantylacetate, 3-ox- 
ocyctohexyl 1 -adamantylacetate, t-butoxycarbonylmethyl 1 -adamantylacetate. mevalonolactone ester of adamantyl 
acetic acid, and the like; tricyctodecane compounds such as t-butyl tricyclodecanylcarboxylate. tetrahydropyranyl tri- 

2S cyclodocanylcarboxylate, 3-oxocycIohexyl tricyclodecanylcarboxylate, t-butoxycarbonylmethyl tricyclodecanylcarbox- 
ylate. mevalonolactone ester of tricyclodecanylcarboxylic acid, di-t-butyl tricyclodecanyldicarboxylate, ditetrahydro- 
pyranyl tricyclodecanyldicarboxylale, di-3-oxocyclohexyl tricyclodecanyldicarboxylate, di-t-butoxycarbonylmethyl tricy- 
clodecanyldicarboxytate, dimevalonolactone ester of tricyclodecanyldicarboxylic acid, and the like; cholic acid com- 
pounds, such as trbutyl cholate and the like; Itthocholic acid compounds such as t-butyl lithocholate and the like; dihy- 

30 drocholic acid compounds such as t-butyl dihydrocholate and the like; and deoxycholic acid compounds such as t- 
butyl depxycholate and the like. Of these alicyclic compounds (C). t-butyl adamantanecarboxylate. t-butoxycarbonyl- 
methyl adamantanecarboxylate. t-butyl 1 -adamantylacetate. t-butoxycarbonylmethyl 1 -adamantylacetate, t-butyl tricy- 
clodecanecarboxylate, di-t-butyl tricyctodecanedicarboxylate, t-butyl cholate, t-butyl lithocholate, t-butyl dihydrochola- 
te, t-butyl deoxycholate, and the like are desirable. 

35 [0086] The above-described alicyclic compounds (C) can be used either individually or in combinations of two or 
more in this embodiment. 

[0087] The amount of the alicyclic compound (C) used in the composition of this embodiment is usually from 5 to 50 
parts by weight, preferably from 5 to 40 parts by weight, for 100 parts by weight of the copolymer (A). If less than 5 
parts by weight, the effect of improvement in the transparency to radiation tends to be insufficient; if more than 50 parts 
40 by weight, on the other hand, heat resistance and adhesion with substrates tend to be impaired. 

Vark)us additives 

[0088] An acid diffusion control agent, which has a function of controlling diffusion of the acid. generated from acid 
45 generator (B) by exposure in the resist film and suppressing undesirable chemical reactions in the unexposed area, 
is preferably added to the radiatbn sensitive resin composition of the first invention. 

[0089] The addition of such an acid diffusion control agent not only improves storage stability and increases resolution 
as a resist of the resulting radiation sensitive resin composition, but also controls variation in the line-width in resist 
patterns due to process delayed time between exposure and development (Post Exposure Delay). A composition 

so exhibiting superb process stability can be obtained by the addition of the acid diffusion control agent. 

[0090] A nitrogen-containing organic compound of which the properties as a base is not affected by exposure or 
heating treatment during the step of forming resist pattems is desirable as an acid diffusion control agent. 
[0091] As examples of such a nitrogen-containing organic compound, monoamino compounds, diamino compounds, 
polymers which possesses three or more nitorogen atoms, amide group-containing compounds, urea compounds, 

S5 nitrogen-containing heterocyclic compounds, and the like can be given. 

[0092] Given as specific examples of the above-mentioned monoamino compounds are nnono(cyclo) alkylamines 
such as n-hexylamine. n-heptylamine. n-oclylamine. n-nonylamine, n-decylamine. and cyclohexylamine; di(cyck>) 
alkylamines such as di-n-butylamine. di-n-pentylamine. di-n-hexylamine. di-n-heptylamine'. di-n-octylamine, di-n-non- 
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L.ylamine,tri-n-pentylaminejn-n-hexylam.ne, tr.-n-h^^^^^^ ^^^^^ ^^^^ cyclohexyleth- 

tri-n dodecyl amine, OKlodecyl f J^^^^^^^^^^^ 2-m thylaniiine. 3-methyl- 

anolamine; and aromatic amines such as ^"j"''^. ^"^f^^^^^^^ and naphlhylamin . 
aniline. 4-methylaniline. 4-nitroan.l.ne^ ^^''"Sd ^ino co^ouni are emylenediamine. N.N,N-,N--tetrameth- 
100931 G^^en as examples of 4.4-^iaminodiphe. 

. S:~r^^^^^^ .I'^LTv^.enyO-V-me.^^^^^^^^^^^^^ 



/5 



20 



25 



30 



tr.~".a. -^'^>^2Tj::::t:^. cocoon* 

15 parts by weight, sensitivity as a res.s. ^^.^^^^^^^^^^^^ part by weight, the pattern configurat.on 

,( the amount of acid diffusion control agent f J j!!^ depending on process conditions. 
ar,d dimensional precision as a resist '^^^ ^^^f^'f^^^^Su improves coatability. developability. and 
[01021 '"addition to .he above^iescnbedc^^^^^^ 

the like can optionally be incorporated into the radiation 5^"^™;= j;^^^ polyoxyethylene lauryl ether, poly- 

0 031 G^en as examples of such a surfactant are nonyl phe- 

oxyetJylene s.ea^l ether, polyoxyethylene o.eyl ^^^^^^^^^^^ commercial^ available 

ny ether, polyethylene glycol dilaurate. and ^^'^l^^^^^^^^^^^ Ltd.). Polyflow No. 75. Polyflow No. 

under the trademarks such as KP341 (--7 -^^^ '^^^^^^^^^^ EF352 (manufactured by Tokem 

95 (manufactured by Kyoeisha Yushi Co ^'f :^^;"^^^'^^^^ corp.), Flolada FC430. FloladeFC431 (man- 
Products CO.. Ltd.). Megafax F171 , Megafax ''^^TaiT^^^^^ SC-iOl . Saflon SC-102. Saflon SC- 
ulactured by Sumitomo 3M Co., Ltd.). Asahi Glass Co.. Ltd.). and the like. 
103. Saflon SC-104. Saflon SC-105. Saflon SCO 06 (^an^^^^^^^^^ 

[0104] These surtactants can can be used ^^^f '"^^^^^X^rt^^^ - '-^ "^^ "^'^'^ °' 

Smo^nt^rpL;^^^^^^^^ 

^ SrpJSerrs":^:^^^^^^^^^ ^t^age s^bilizers. anti-foaming agents, and the like can be 

given as additives other than above-mentioned ado.tives. 

Preparation of compositio n solution ^ 
/ filtering the mixture through a fitter with a pore size of about 0.2 pm. 



35 



40 



45 
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[0108] The foltowing solvents are given as the sotveni which can be used for such a composition solution^linear 
ketones such as 2-butanone, 2-pentanone. 3-methyl-2-butanone. 2-hexanone. 4-methyl-2-pentanone. 3-methyl-2-pen- 
tanone. 3.3-<iimethyl-2-bulanone. 2-heptanone. and 2-octanone; cyclic ketones such as cyclopentanone. 3-melhyl- 
2-cyctopentanone. cyctohexanone, 2-methylcyctohexanone, 2,6-dimethylcyck3hexanon , and isophorone; propylene^ 
glycol monoalkyl ether acetates such as propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether 
acetate, propylene glycol mono-n-propyl ether acetate, propylene glycol mono-i-propyl ether acetate, propylene glycol 
nnono-n-butyl ether acetate, propylene glycol mono-i-butyl ether acetate, propylene glycol mono-sec-butyl ether ace- 
tate, and propylene glycol mono-t-butyl ether acetate; alkyi 2-hydroxypropior«tes such as methyl 2-hydroxypropionate, 
ethyl 2-hydroxypropionate, n-propyl 2-hydroxypropionate, i-propyl 2-hydroxypropk>nate. n-butyl 2-hydroxypropionate, 
10 i-butyl 2-hydroxypropionate, sec-butyt 2-hydroxypropionate, and t-butyl 2-hydfoxypropionate; and various other sol- 
vents such as n-propyl alcohol, i-propyl alcohol, n-butyl alcohol, t-butyl alcohol, cyclohexanol, ethylene glycol mono- 
j methyl ether, ethylene glycol monoethyl ether ethylene glycol mono-n^ropyl ether ethylene glycol irxxio-n -butyl ether, 
' diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol di-n-propyl ether, diethylene glycol 
I di-n-butyl ether, ethylene glycol mono-methyl ether acetate, ethylene glycol mono-ethyl ether acetate, ethylene glycol 
is] mono-n-propyl ether acetate, propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol 
*. mono-n-propyl ether, toluene, xylene, ethyl 2-hydroxy-2-methylpropionate, ethoxyethyl acetate, hydroxyethyl acetate, 
\ methyl 2-hydroxy-3-methylbutyrate, 3-methoxybutyl acetate, 3-melhyl-3-methoxybutyl acetate, 3-methyl-3-methoxy- 
i butyl propionate, 3-methyl-3-methoxybutyl butyrate, ethyl acetate, n-propyl acetate, n-butyl acetate, methyl acetoac- 
1 etoate. ethyl acetoacetate, methyl 3-methoxy propk>nate, ethyl 3-ethoxy propionate, methyl pyruvate, ethyl pyruvate, 
20 I N-melhyl pyrrolidone, N,N -dime thy Iformamide, N,N-dtmethyl acelamide, benzyl ethyl ether, dihexyl ether, diethylene 
I qlycol monomethyl ether, diethylene glycol monoethyl ether, caproic acid, capryltc acid. 1-octanol, 1-nonanol, benzyl 
\ alcohoLbenzyl acetate, ethyl benzoate. diethyl oxalate, diethyl maleate, 7-butyrolactone, ethylene carbonate, propyl* 

\ ene cartxjnate, and the like. ^ 

\ [0109] These solvents can be used either individually or in combinations of two or more. Cyclic ketones, linear ke- 
2S tones, propylene glycol monoalkyl ether acetates, and alky I 2-hydroxypropionates are particularly preferred solvents. 



Method of forming resist patterns 



... ,[0110]^ The radiation sensitive resin compositions of the first and second inventions are especially useful as chemically 

30 amplified positive tone resists. 

[0111] In the chemically amplified positive tone resists, the acid-decomposable organic group (i) or (ii) in the copol- 
ymer (A) or alicyclic compound (C) decompose by the action of an acid which is produced from the acid generator (B) 
by exposure to radiation, thereby producing a carboxyl group, for example. This increases solubility of the exposed 
areas of the resist in an alkaline developer The exposed areas are thus removed by being dissolved in the alkaline 

35 developer, leaving a positive tone resist pattern. 

[01 12] To prepare a resist pattern from the radiation sensitive resin composition of the first invention, the resin com- 
position is applied on a substrate such as a silicone wafer, a wafer coated with aluminum, or the like by an appropriate 
coating means such as revolutionary application, cast coating, or roller coating. The resist film thus prepared Is op- 
tionally subjected to a prebaking treatment (hereinafter called TB treatment"), then exposed to radiation to form a 

■^0 prescribed resist pattern. An ArF excimer laser (wavelegth: 193 nm) or a KrF excimer laser (wavelegth: 248 nm) is 
preferable radioactive rays used in this step. 

[0113] In the first invention, it is desirable to subject the exposed resist film to a post-exposure baking treatment 
(hereinafter called TEB") . The PEB treatment ensures a smooth reaction for decomposition of the acid-decomposable 
organic group (i) or (ii). Although the PEB conditions differ depending on the proportion of the components in the 
45 radiation sensitive resin composition, heating in the PEB treatment is carried out at a temperature usually from 30 to 
200°C, and preferably from 50 to 170'*C. 

[01 1 4] To make the best use of potentiality of the radiation sensitive resin composition in the first invention an organic 
or inorganic an li- reflect ion film may be lormed on the substrate prior to exposure to radiation, as disclosed in Japanese 
Patent Publication No. 12452/1994, for example. It is also possible to provide a protective overcoating over the resist 

so film, as disclosed in Japanese Patent Application Laid-open No. 188598/1993, for example, to protect the resist film 
from the effect of basic impurities in the environmental atmosphere. These two techniques may be employed in com- 
bination. A desired resist pattern is then formed by developing the exposed areas on the resist film. 
[0115] An alkaline aqueous solution in which one or more alkaline compounds are dissolved can be used as a de- 
veloper The alkaline compounds used here include sodium hydroxide, potassium hydroxide, sodium carbonate, so- 

55 dium silicate, sodium metasilicate. aqueous ammonia, elhylamine, n-propylamine, diethylamine, di-n-propylamine, tri- 
ethylamine. methyldiethylamine, ethyldimethytamine, triethanolamine, tetrameihylammonium hydroxide, pyrrole, pip- 
eridine. choline. 1.8-diazabicyclo-[5.4.0]-7-undecene. 1 ,5-diazabicyclo-{4.3.0]-5-nonene, and the like. 
[0116] The concentration of the alkaline aqueous solution is usually 10 wt^oorless. If the concentration of the alkaline 
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, i. mnre than 10 wt% unexposed areas may also be dfesolved in the developer. The developer 
(01171 0™.> as examples d .>ich a- ocgan.c sM.en ar. ''f'^'f "^^'^J!?^^™ ij^,^^ elcMs 
su* as ™m„ .IcohC. smyl ate** tl^Ss s^^CS^u^ aS^-iox»>s; i,«s sueh as 

ra^r :cTs:::s;i:xrrari^^^^ ..... ac. 
i^r vr«r rsrsje, ^^^^^^ 

Ji,Mr^SS,ttTpp'S^/aZ«o,as«a«i,^^ 

P^;r^~ra™:ergS:^r/ia«.^e,.,.en.sea,V»s.,.^wa,e,. 



M. Second Invention 
Component (A') 



having an alicyclic skeleton on the ma^ chain ^^''^'^'l^^.^^^l'^ ^^^. enables the rad^.ion sensrtK^e resin 
^t:i^TeT^;er(A, can possess the acid^ec^^^^^^^^^ 

lecurnng unH ,1) in the same way as in the rst ....^^n6 '^^^^^^^^y contain a, leas, one recurring unit 
[01 25] In addition, in the same way as in the firs, ca bonLrbon double bond of norbomene 

selected Irom a recurring unit obtained by the cleavage ol a ^^'^^^^^'^^^'^^^^^ (hereinafter called "nor- 
(bicyclol2.2.1)hept.2-ene) °^ X^'^eaSe^^^^^ 

LlaL « .eeurnns oniB denvad „om n»t»ne»e o, "°*»™' .^^^^^ 20 moK o, more. 

to be insufficient. , ^^ount of the recurring unit (I) and the 

s„;.tL':^,:?;r=et=rr^^^^ 

« exa^e, o, so.en, - - -^7«™<^r.p'Lr 
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preferably from 5.000 to 100.000. If Mw of the polymer (A*) is less than 3. 000. heat resistance as a resist tends to 
decrease; if more than 300,000. on the other hand, devetopability as a resist tends to be insufficient 
[0132] In the present invention polymer (A') can be used either individually or in combinations of two or more. 
[0133] The smaller the content of impurities such as halogen and metals in the polymer (A*) used in the second 
s invention, the better is the performance of the radiation sensitive resin composition, such as sensitivity and resolution 
as a resist, a process stability, and pattern configuration, and the like. As the method for purifying of the polymer (A*), 
chemical purification methods such as washing and liquid-liquid extraction, for example, and combinations of a chemical 
purification method with a physical method such as ultrafiltration, centrifugation, or the like, can be given, 

10 Component (B') 

[0134] The same compounds as the photcacid generator (B) which generate an acid by exposure to radiation used 
in the first invention can be used as the component (B') in the second invention: 

[0135] Specifically, the connponent (B') (hereinafter referred to as "acid generator (B')') can liberate the acid-decom- 
15 posable organic group in the polymer (A) or the organic group (Z) in the later-described androstane compound (C) by 
the action of an acid produced by exposure to radiation. As a result, the exposed area in the resist film is rendered 
easily soluble in an alkali developer, whereby a positive tone resist pattern is formed. 

[0136] In the second invention, the acid generator (B') can be used either individually or in combinations of two or 
more. 

20 [0137] To optimize and balance sensitivity and developability as a resist, the amount of the acid generator (B') used 
in the composition of the second invention is usually from 0.1 to 10 parts by weight, and preferably from 0.5 to 7 parts 
by weight, for 100 parts by weight of the amount of the polymer (A'). If less than 0.1 part by weight, sensitivity and 
developability tends to be insufficient; if more than 10 parts by weight, on the other hand, the transparency of the resist 
against radiation tends to be impaired so that it is difficult to obtain a rectangular resist pattern. 

2S 

Component (C) 

[0138] The component (C) in the second invention is an androstane-17-carboxylic acid ester compound which is 
shown by the above-mentioned formula (5) (hereinafter called "androstane compound (CT). When this compound 
30 reacts with the acid which is generated by exposure to radiation, the group Z in the formula (5) decomposes to produce 
a cartioxyl group or an acidndecomposable group in the group 2 dissociates to produce a polar group, whereby the 
androstane compound (C) loses its capability of suppressing alkali solubility of the polymer (A') and rather acts to 
accelerate the alkali solubility of the polymer (A"). 

[0139] Given as examples of the alkoxyl group having 1-4 carbon atoms in the formula (5) represented by R^, R6, 
35 or are methoxy group, ethoxygroup, n-propoxygroup, i-propoxy group, n-butoxy group. 2-methylpropoxy group, 
1 -methylpropoxy group, t-butoxy group, and the like; as examples of the alkyi cartxjnytoxy group having 2-5 carbon 
atoms, methyl carbonytoxy group, ethyl carbonyloxy group, n-propyl carbonyloxy group, i-propyl cart)onyk)xy group, 
n-butyl cart^onytoxy group. 2-methylpropyl cartaonyloxy group, 1 -methylpropyl carbonyloxy group, t-butyl cariDonyloxy 
group, and the like; as examples of the haloalkyi carbonyloxy group having 2-5 carbon atoms, fluoromethyl carbonyloxy 
•^0 group, trifluoromethyl carbonyloxy group, chloromethyl carbonyloxy group, trichloromethyl carbonyloxy group, bro- 
momethyl carbonyloxy group, tribromomethyl carbonyloxy group, 2-fluoroethyl carbonyloxy group, 2-chkDroethyl car- 
bonyloxy group, 2-bromoethy I carbonyloxy group, 3-fluoropropylcart>onyioxy group, 3-chloropropyl carbonyloxy group, 
3-bronr»opropyl carbonyloxy groups, 4-fluorobutyl cartDonyloxy group, 4-chlorobutyI carbonyloxy group, 4-bromobutyl 
cartx)nyloxy group, and the like. Of these groups, methoxy group, ethoxy group, methyl carbonykjxy group, trifluor- 
^5 omeihyl carbonytoxy group, trichloromethyl carbonytoxy group, tribromomethyl carbonytoxy group, and the like are 
preferred. 

[0140] A hydrogen atom or hydroxy I group are particularly prefen-ed as the groups R^. R^. and R^ in the formula (5). 
[0141] Given as examples of the divalent organic groups having 1-10 carbon atoms represented by R® are -CH2-. 
-CH2CH2-, -CH2CH2CH2-, -CH(CH3)CH2-. -CH2CH2CH2CH2-, -CH(CH3)CH2CH2-. -CH2CH2CH2CH2CH2-. 
50 -CH2CH2CH2CH2CH2CH2-. -CH2CH2CH2CH2CH2CH2CH2-, -CH2CH2CH2CH2CH2CH2CH2CH2-, -CH2CH2CH2 
CH2CH2CH2CH2CH2CH2-. and -CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2-. 

[0142] Of these. -CHg-, -CH2CH2-, -CHgCHgCHg-. -CH2CH2CH2CH2-. and -CH(CH3)CH2CH2- are prefen-ed, with 
the group -CH(CH3)CH2CH2 -being ideal. 

[0143] As the group Z, a monovalent oxygen-containing acid-decomposable organic group having 20 or less carbon 
55 atoms is preferable. 

[0144] When the group Z of the androstane compound (C) has an oxygen atom and an acid-decomposable group, 
this acid-decomposable group dissociates by exposure to radiation and produces a polar group. This provides the 
radiation sensitive resin composition with polarity, which results in improvement in developing properties and increased 



20 

8NSOOCIO <eP 0930541 A 1J_> 



EP 0 930 541 A1 



10 



IS 



20 



2S 



30 



3S 



omJo^harnaS oT ess ^*on atoms (hereinafter calted "acid-decomposable organs: group (..,)■): (cyclo)al^koxycart,- 
^nv^meZ qSups suc^as methoxycarbonylmethyl group, ethoxycarbonylmethyl group, n^^ropoxycarbonylmethyl 

group, n-butoxycamonylmethyl group, 2-methylpropoxycarbonylmethyl group. 
^Zthy prSSS^SS methyl gLp t-butoxycarbonylmethyl group, cyclohexyloxycarbor^ylmethyl group, and 4-1- 
irSKto>Jca^nylmeth^^ aryloxycart)onylmethyl groups such as phenoxycarboriylmethyl group. 4-1- 
luS^c^S^^y^ group and 1-naphthyloxycart)onylmethyl group; aralkyloxycarbonylrriethyl groups such 
T^^^^^S^S^ group 4-t-butylbenzytoxycarbonylmethyl group, phenethybxycarbonylmethyl gjoup and 
7S^7.t^i^'^y^r.ly^ group; 2-(cyclo,a.^xycarbony.ethy. groups such 

louD aithoxvcarbonylethyl group, 2-n-propoxycarbonylelhyl group. 2-.-propoxycarbonylethyi group. 2-n-butoxycar 
bZethvl qS 2T2yi?rop^xy)^^^^^^^ group, 2-(V-methylpropoxy)carbonylethyl group. 2-t-butoxycarb- 
SCrq^up 2 cyclS^^ group, and 2.(4M-butylcyclohexyloxycarbonyl)ethyl group; 2.ary^^- 

^r^iZlouZZc^ a^ 2-phenoiycarbonyle.hy. group. 2-(4M-butylphenoxyca,bonyOethyi gjo^^^^^^^^ 
caroony einy. yiu ^ ^.^..^ o^r;^ikvlnYvcart)onvlelhvl qroup such as 2-benzyloxycarbonylethyl group. 2-(4-t- 

SrenXSZ^^^^^^^^ 

(cvc» methoxymethyl group, ethoxymethyl group, n-propoxymethyi group, .-pro- 

rxTmS^qra^rn butoCmethyl group. 2-methy^.ropoxymethyl group, 1 -methylpropoxymethyl group, t-butoxyme- 
Z'^oTSe^^o^n^^^^^ group, and 4-,-bu;yteyclchexyloxyme,hyl group; 2-(cycto) alkoxyethyl groups such as 
o^I^^hZ^^T^^TI^mW^^oup, 2-n-propoxyelhy. group. 2-l-propoxyethyl group. 2-n-butoxyemyl group. 

T2te;Crclo7el^ 

LH9^!TrtvicvSoheXloxv)ethy I groups andtricyckxlecanyloxymethyl group. 2-tru:yclodecanyloxyethyl group, 3-ox- 
Lydioi^ S^^^^^^^ g-P- letrehydropyrany. group. 2-oxo-4-me,hy,-4-te,rahydropyrany. group, and 

Toi^r Of these, ,-butoxycarbonylmethyl group, 2-ethoxyethyl group. 2.cyclohexyloxyethyl group. 3-oxocyclohexyl 
orouD tetrahvdropyranyl group. 2^xo-4-methyl-4-tetrahydropyranyl group, and the hke are particularly Pre<«;red. 

rfuse me ra JaSon Sensitive resin compos«ions in this embodimen, as a chemically -P''««^^^^^^^^^ 
ixcimir laser (wavelength. 1 93 nm) or a KrF excimer laser (wavelength: 2^ nm) can preferably be used as a rad.o 

foUs/^As specific examples of preferable androstane compounds (C") used with such excimer lasers. 3-oxocy- 
Sl ct a.f 3-ox"yc^>hexyl dihydrocholate, .etrahydropyrany. cho.ate. '-^"«-Vcarbo"ylmeth^^^^^^^^ 

mJvaSactone ester tetrahydropyranyl dihydrocholate. t-butoxycarbonylmethyl d.hydrocholate. dihydrochol.c 
acid ZSo ac one estr butoicaS^nylmethyl deoxycholate. 2-ethoxyethyl deoxycholale, 2-cyclohexyloxye hyl 
"eoxSate^3^^^^^^^^ deo^chotete. tetrahydropyranyl deoxycholate, mevalolactone cieoxycholate. -b^^^^ 
JcarCtethyl lithoc'hofete,'2-ethoxyethyl lithocholate, 2-cyclohexyloxye,hyl litlx^holate. 3.xocyclohexyl hthocho- 
late tetrahvdroDvranvl lithocholate. mevalonolactone lithocholate, and the like can be given, 
ra^r Se3osLe compounds (C") can be used either individually or in combinations o, t«o or more in the 
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4S 



SO 



ss 



[0149] 

*T'^ount of the androstane compounds (C) used In the composition ofthe -conji inve"^^^^^ 
rJm 5 to 50 Darts bv weight preferably from 10 to 30 parts by weight, for 100 parts by we.ght of the coPoVmer (A^ lf 
Slhan f pans b7weSl th'e effect li improvement in Ihe transparency to radiation tends to be .nsuff.aent. if more 
han 50 parts by weight on the other hand, heat resistance and adhesion with substrates lend to be impaired. 
01511 ime Sous addit.es as previous^ mentbned in connection with the firs, invention can be .ncorpo^ed 
II co-^^pos^i^ oTme second invent^. In addition, the same methods as in the tirs. invention can be emptoyed 
lorprep^Ig"^^^^^^ 

rolsS" The radiation sensitive resin composition of the present invention (the first invemion and second invention) 
h s ^rep^ed SSs super or transparency to radioactive rays and has a sufficient dry etching resistance as a chem- 
call^mpl fi^^^^^^^^ in addition, the composition exhibrts an excellent properly ba^ce including -oh Prope^^^^^^^^^ 
Nnh rSu on excellent pattern configuratbn capability, and superb sensitivity. The resin composrtKDn of the present 
Se,;^ is ^us anS for th'e manufacture of semiconductor devices .n which further m.crom..atunzation 

ill^t^'l-his '^re^tr;: explained in more detail below referring to embodimen, examples; however, this invention 
should not be construed to be limited therein. 

EXAMPLES 

[0154] in the following descriptions, 'parts- and respectively indicate -parts by weight- and 'wt^'. 
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[0155] Measurement of the weigh! average molecular weight (Mw) in the following Synthesis Examples were carried 
out by gel pemieation chromatography (GPC) using nr>ono<jispersion polystyrene as a standard, and using a GPC 
column (G2000 HXL x 2. G3000HXL x 1 , G4000HXL x 1 ) nnanufactured by Tosoh Corp. The following analytical con- 
ditions w re used: 

5 

Flow rate: 1 .0 ml/min 

Elutbn solvent: tetrahydrofuran 

Column temperature: 40*0 

10 Synthesis Example 1 

(1) Synthesis of 8-methyl-8-methoxycart>cnyttetracyclo(4.4.0, l2.5.i7.iojjjodec-3-ene 

[0156] A 50 liter reaction vessel equipped with a stirrer maintained at a temperature of 180*0 and pressure of 3.5 
'5 kg/cm^-G was continuously charged with a mixture of methyl methacrylate, dicyctopentadiene. and 5-methyl-5-meth- 
oxycartxsnylbicyclo (2.2. 1 lhept-2-ene, at a ratio of 1 :2.4 (cyclopentadiene base):2.4. at a feed rate of;4 kg/hour, so that 
the average residence time of the reaction raw materials in the reaction vessel was maintained 8 hours. As a polym- 
erization inhibitor, a solution of p-methoxyphenol in methyl methacrylate was added in an amount of 300 ppm (weight 
base) of the total amount of the reaction raw materials. 
20 [0157] During the reaction, the reaction product was removed from the reaction vessel at a rate ol 4 kg per hour and 
continuously supplied to a flash distillation column which was maintained at a temperature of 105**C and a pressure 
of 300 Torr, to separate out a portion of un reacted raw materials. 

[0158] The distillate from the flash distillation column was continuously fed to a distillation column with a diameter 
of 3 inches, packed with fillers (Throuser Packing BX™, manufactured by Sumitomo Heavy Industries, Ltd.) to a height 
?5 oM 1 9 cm in the concentration section and 1 02 cm in the recovery section. The distillation column was operated at the 
column top pressure of 5 Torr and reflux ratio of 1 . while removing from the column top un reacted raw materials which 
were not separated from the flash distillation column and 8-methyl-8-methoxycarbonyltetracyclo(4.4.0. 1 2 5 •) ^.lOjdodec- 
3-ene of the the following formula (10) from the column bottom at an yield of 67%. 




(2) Hydrolysis 

45 

[0159] 100 parts o! 8-methyl-S-melhoxycarbonyltetracyclo [4.4.0. 1 2-5 i/.iojcjcKjec-S-ene, 200 parts of propylene gly- 
col, 10 parts of distilled water, and 50 parts of potassium hydroxide were placed in a flask. A hydrolysis reaction was 
carried out for 4 hours in a nitrogen atmosphere at 120°C. After cooling, an aqueous solution of oxalic acid di-hydrale 
in an amount of 1.1 equivalent of the potassium hydroxide was added dropwise to coagulate the reaction product as 
so 8-methyltetracycto[4.4.0. I^-S i7.i0jdodec-3-ene-8-carboxylic acid of the following formula (11 ) at an yield of 95%. 
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COOH 



(11) 



(3) Introduction of protective group 



■ „ n 12 s 17 101 dodec-3-ene-8-cart50xylic acid, 200 parts ot tetrahydroluran, 
101601 100 parts of 8-nnethyltetracyclol4.4.0.l2-S.i7..o, do^ec 3 ene «ca V ^wnate were placed in a 

loo pins o. d^tilled water. 52 parts of t-butyl 200 parts of ethyl acetate, 



lowing lormula (12). 



(12) 



HaC/^COOOijCOOCCCHPj 



Synthesis Example 2 

, , , s,„i-,«.5 ol a-acM<«ylMrac,clo(4-4.0.1ts.,J .O)do«c.!wne 

,„,s„ T»= ,ea*„ .as C3„»d ^ .o ~ . Z^ST^^l^'^'"'^^-"'^ 

1 1 3i a; yield ol 36%. 



(13) 
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(2) Hydrolysis 

[0162] 100 parts of 8-acetoxytetracyclo|4-4.0-l2-5.i7.iO] ciodec-3-ene, 200 parts of 1 .4-dioxane. 50 parts of distilled 
water, and 50 parts of potassium hydroxide were placed in a flask. A hydrolysis reaction was carried out for 4 hours 
5 in a nitrogen alrrKJsphere at 100**C. After cooling, an aqueous solution of oxalic acid di-hydrale in an amount of 1-1 
equivalent of the potassium hydroxide was added dropwise to coagulate the reaction product. The coagulate was 
washed with a large amount of water, then washed with a small amount of toluene, and dried to obtain 8-hydroxytet- 
racyclo [4.4.0.1 2 5. i7,i0](jodec-3-ene of the following formula (14) at an yield of 95%. 




— ^ Synthesis Example 3 

25 [01 63] A separable flask equipped with a reflux condenser was charged with 29 parts of 8 -methyl -8-t-butoxycarbo- 
nylmethoxycarbonyltetracyclo[4.4.0.l2S.i7.iO] clodec-3-ene, 10 parts of 8-hydroxytetracyclo[4.4.0. 125 1 7.10] dodec- 
3-ene, 18 parts of maleic anhydride. 4 parts of 2.5-dimethyl-2.5-hexanedioldiacrylate. 1 part of t-dodecylmercaptan, 4 
parts of azobisisobulyronitrile. and 60 parts of 1.2-diethoxyethane. The polymerization reaction was carried out for 6 
hours at 70°C in a nitrogen stream. After the polymerization, a large amount of mixed SQb ^nt of n-hexane and h firgpyi 

30 alcohol (weight ratio=1:1) was added to the reaction solution to c oagulate t he resin. The resin was wa shed several 
times with the sam e mixed solve nt and dried under vacuum to obtain a copolymer with an Mw of 27.000 at an yield of 
60%. The copolyrner contained the recurring units shown by the following formulas (15-1), (15-2).and (15-3) in the 
amount of 64 moP/o, 18 mol%. and 18 mol%. respectively This copolymer is hereinafter called copolymer (A-1). 

35 



40 



45 




(15-1) (15-2) 
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H3C-C-CH3 

CB2 
» 

CH2 

H3C-C-CH3 

0 
I 

o=c 

20 



^CB— CH2^ — 



(15-3) 



Synthesis Example 4 
" TO s,»me.ls o. 8.l.botoxyca«=o»yl.e..acyclol4 4.0.1»S IMecS-sne 

the foltowing lormula (16) at an yield ot 40%. 



40 



45 



SO 




(16) 



^C00C(CH5)3 

Synthesis Example 5 
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The resin was washed several times with the same mixed solvent and dried under vacuum to obtain a copolymer with 
an Mw of 18,000 at an yield of 70%. The copolymer contained the recurring units shown by the following formulas 
(17-1) and (17-2) in the amount of 82 mol% and 1 8 mol%. respectiv ly. This copolymer is her inafter called copolymer 
(A-2). 



10 



ts 



CO 




0 



o=c 

— (-CH— CH2^ 



(17-2) 

Synthesis Example 6 
( 1 ) Polymerization 

(0166) A separable flask equipped with a reflux condenser was charged with 44 parts of 8-t-butoxycarbonyltetracyclo 
|4 4 0 1 1 7^0]dodec-3-ene. 25 parts of 2-hydroxypropyl aery late, 3 parts of 2,5-dimethyl-2,5-hexanediol diacrylate, 
5 parts of dimethyi-2,2'-azobis(2-methylpropionate), and 60 parts of 1,2-diethoxy ethane. The polymerization reaction 
wris earned out lor 6 hours at 70° C in a nitrogen stream. After the polymerization, a large amount ot n-hexane was 
•^^ Hddod to ihe reaction solution to coagulate the resin. The resin was washed several times with n-hexane and dried 
under vacuum to obtain a copolymer with an Mw ot 15.000 at an yield of 70%. The copolymer contained the recurring 
units shown by the following formulas (18-1), (18-2), and (1 8-3) in the amount of 60 mol%, 35 mol%. and 5 mol%. 
icspeclively. This copolymer is hereinafter called copolymer (A-3). 
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— ^CH2 — 



COOCCCHp, 



(18-1) 



— (-CH2-ce)— 



Of 



c=o 



0 

I 

CH-OB 



CH 



8 



(18-2) 



C=0 
I 

0 

.1 

H3C-C-CH3 
CH2 

I 

HjC — C — CH J 

0 
I 

o=c 



^CH— CH2^ 
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(18-3) 
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Synthesis Example 7 

(1) Synthesis of 8-methyl-8- hydroxy nnethyltetracycta [4.4.0.12-5 l^'i^ldodec-S-ene 

[0167] 37.6 g of lithium aluminum hydride and 800 ml of tetrahydrofuran were added to a flask and maintained at 
0°C in a nitrogen atmosphere. Then, 200 g of 8-methyl-8-methoxycarbonvttetracyclo[4.4.0-l2-5 i7.iO]cJodec-3-ene dis- 
solved in 200 ml of tetrahydrofuran was added from a dripping funnel over one hour, followed by a reaction for 2.5 
hours at 70"'C. The reaction solution was allowed to cool to room temperature and a 1 0% aqueous solution of potassium 
hydroxide was added gradually, followed by further addition of 1 0% aqueous solution of hydrochloric acid. The reaction 
solution was then extracted with toluene and the reaction product was salted out from saturated brine. The salt-out 
product was washed several times with water and dried over anhydrous magnesium sulfate. Toluene was evaporated 
to obtain 1 45 g of a white solid of 8-methyl-e-hydroxymethyltetracyclo [4.4.0. l^ s. 1 7.iO]docJec-3-ene shown by the fol- 
lowing formula (19). 



45 



so 
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(19) 



H3C' ^CHgOH 
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Synthesis Example 8 

[0168] A s parable flask equipped with a reflux condenser was charged with 1 31 .97 parts of 5-t-butoxycarbonylnor- 
bomene. 34.67 parts of 8-methyl-8-hydroxymethyltetracyclo [4.4.0.1 2.5, i7.i0](jodec-3-ene. 83.33 parts of maleic an- 

5 hydride. 43.2 parts of 2,5<Jimethyl-2.5-hexanediol diacrylate. 10 parts of azobisisobutyronitrile, and 425.15 parts of 
1.2-diethoxyethane. The polymerization reaction was carried out for 8 hours at 70°C in a nitrogen stream. After the 
polymerization, a large anrxjunt of a mixed solvent of n-hexane and i-propyl alcohol (weight ratio=1:1) vyas added to 
the reaction solution to coagulate the resin. The resin was washed several times with the same mixed solvent and 
dried under vacuum to obtain a copolymer with an Mw of 901 .000, a ratb Mw/Mn of 18.5, a content of low molecular 

10 weight components of 8% and a residual monomer content of less than 0.5%. The yield was 65%, The copolymer 
contained the recurring units shown by the following formulas (20-1 ), (20-2). (20-3). and (20-4) in the amount of 36 
mol%, 9 mol%, 45 mol%. and 10 mol%, respectively. This copolymer is hereinafter called copolymer (A-4). 
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Synthesis Example 9 



toies, A separate HasK equipped a reflux -n™^^^^ 

2-norbornene. 34.67 parts of 8-n^ethyl-8-hydroxymethyn^^^ S.hexanediol dacryke. 20 parts of dime- 

Exarr^ple 7(1). 83.33 parts of rr^aleic ^"^^VdrKle 43.2 parts ^^^^^^ 3 
,hyl-2,2--a2oiso-butyrate, ar.d 425.15 parts of ^•^''^f '^°^y^^^"^J^^^;^ polymerization, a large amount of n- 
nitrogen stream for 1 2 hours at 70»C and add.t.or,al wo hours 90 C. /mer me polym^ ^.^^ 
hexane was added to the reaction solutior, tocr^gulate the re^^^^^^^ 



Synthesis Example 10 



tOUO, A separable flas. e.uipped with a reflux --nser « 

Uco 14.4.0.l".l-o,dodec-3.ene. 26.28 P^f '^^^^^^^^^^^^^ parts of dimethyl-2,2'-azol- 

acrylate. 5 parts of 2-acetoxyethyl methacrylate. ''^l^^^^^.;^^^^^^^ was carried out for 8 hours at 70-C in a 
sobutyrate, and 100 parts of 1 .2^lethoxyethane. The P° V^^^J'^^^'^" ^^exanfi^odiaropyl alcohol (weight 

niirogen stream. After the polymerization a large °' ^^^^^^^^ l^SiSiial times with the same 

ratio=1:1) was added to the reaction solutKX. to coagulate the r£^M^ of 2.2, a content 

"«ed solentand dned under vacuum to obtain a V^II^^^r ronTn, 1^^^^^^ 

of low ?;;5.ecular weight components of 2% and a '---^-^--"^^^^^ (2, ^) ,n the amount of 43 
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-50 Synthesis Example 11 

(1) Synthesis of e-methoxycarbonyltetracyclo(4.4.0.1 2.5 -17.10] dodec-3-ene 

[0171] 8-methoxycarbonyltetracyclo[4.4.O.l2.s.i7.iOjdocJ0c-3-ene of the following formula (22) was prepared in a 
55 yield of 55% in the same manner as in Synthesis Example 1(1) except for using nnethyl acryiate as a reaction raw 
material. 
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(22) 



75 



(2) Hydrolysis 
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(23) 



(3) Introduction of functional group 

tetrahydrofuran was evaporated and ethyl acetate was aaa _ ,j,|ed by silica gel column chromatogra- 

at an yield of 80%. 
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(24) 



55 Synthesis Example 1 2 

• r- o I'ln riart<; of 5-f-butoxvcarbonyl-2-norbornene. 50 parts of 



31 



BNSOOCIO: <EP 0930S41 A 1 „l _> 



EP 0 930 541 A1 



2,5-dimethyl-2.5-hexanedioIdiaciylate, and 10 parts of azoiso-butytonitrile were dissoh/ed in 450 parts of butyl acetate 
and polymerized to obtain a copolymer having the recurring units of the following formulas (25-1). (25-2), (25-3). and 
(25-4) in the amount of 36 mot%. 1 0 mol%. 46 mol%. and 8 mol%. respectiv ly. The copolymer had an Mw of 30.000. 
a ratio Mw/Mn of 14.2. a content of low molecular weight components of 5%. and a residual monomer content of less 
5 than 0.5%. The yield was 73%. This copolymer is hereinafter called copolymer (A-25). 
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Synthesis Example 13 

[0175] The experiment was carried out in the same manner as in Synthesis Example 7, except for using 8-methox- 
30 ycarbonyltetracyclo(4.4.0.l2.5 i7.iO]dodec-3-ene which was prepared in Synthesis Example 11 as a reaction raw ma- 
terial to obtain 8-hydroxymethyttetracyclo(4.4.0.l2-5. i7.iO]cJodec-3-ene of the following formula (26) at an yield of 90%. 
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Synthesis Example 14 

[0176] In the same manner as in Synthesis Example 3, 53 parts of 5-l-buloxycarbonyl-2-norbomene, 34 parts of 
8-hydroxymethyUetracyclo{4.4.0.l2-5i7.i0](jQcjec-3-ene, 34 parts of maleic anhydride, 8 parts of 2,5-dimethyl-2.5-hex- 
so anediol diacrylate, and 10 parts of azoisobutylonitrile were dissolved in 160 parts of butyl acetate and polymerized to 
obtain a copolymer having the recurring units of the following formulas (27-1), (27-2), (27-3), and (27-4) in the amount 
of 37 mol%. 9 mol%. 46 moi%, and 8 mol%, respectively. The copolymer had an Mw of 52. 000, a ratio Mw/Mn of 1 7.2, 
a content of low molecular weight components of 7%^ and a residual monomer content of less than 0.5%. The yield 
was 75%. This copolymer is hereinafter called copolymer (A-27). 
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4cH-c4 

(27-4) 
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Synthesis Example 15 

10,77, as . o, a.aa.n.ne-.3^icarboxy.lc acid was ^^^^^^^^^'^^^^^ 

u,.luoroacc,ic acid anhydride in a nitrogen a«mosP -e wh e ^^^^^^ ^, saturated aqueous 

Alior the reaction, the product was stirred overnight o coo to the '^^'^^^"J^^^' ,^ neutralize unre- 

solulon o. sodium hydrogencartxM^ate and 50 ml ethyl «f J^'^f j'"'' J° "^.^wSr^y^ thereby extracting the 

hereinaner called compound (C-1). 
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Synthesis Example 16 

• of the following formula (29). This compound is hereinafter called compound (C-2). 
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Synthesis Example 17 

[0179] In the sanne nnanner as in Synthesis Exanaple 15, 4.5 g of cholic acid was reacted wrth 25 ml of trifluoroacetic 
20 acid anhydride and 80 ml of l-buly I alcohol to produce 4 g of t-buly I cholale of the following formula (30). This compound 
is hereinafter called compound (C-3). 



2S 



30 




35 Synthesis Example 1 8 

[0180] 2.5 g of adamanlane-1 ,3-dicarboxylic acid. 3.68 g of potassium carbonate. 4.55 g of l-butyl a-bromoacetate, 
and 36 mg of tetrabtrtylammonium bromide were dissolved in a mixed solution of 15 ml of THF and 1 5 ml of water The 
mixture was reacted for 8 hours while refluxing. The organic layer was extracted with ethyl acetate and the extract was 
40 purified by column chronnatography to obtain 4.2 g of di(t-butoxycarbonytoxymethyl)adamantane-1 .3-dicarboxylate of 
the following formula (31 ). This compound is hereinafter called compound (C-4). 
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Synihcsis Example 19 




Synthesis Example 20 



.w .wK o 1 n2 6. riecane 22 q of succinic anhydride, and 2.0 g ot N.N- 
,0,821 i9 6goM.8-bis(hydroxymemy.jncycto^^ 

"Xnolg .ormuia (33). This compound is hereinafter calted compound (C^). 
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Synthesis Example 21 

[0183] A separable nask equipped with a reflux condenser was charged with 200 parts of tetrahydrofuran and 200 
20 parts of distilled water. 100 parts of deoxycholic acid, 57 parts of l-butyl a-bromoacelate. and 40 parts of potassium 
carbonate were dissolved in the mixture and reacted for 18 hours in a nitrogen stream while refluxing. The reaction 
solution was cooled to room temperature, followed by the addition of 400 parts of ethyl acetate and 400 parts of distilled 
water to separate the water layer. The organic layer was washed twice with 10% aqueous solution of potassium hy- 
droxide to remove unreacted deoxycholic acid. The reaction product was washed three times with distilled water and 
25 the solvent was evaporated. The residue was dried under vacuum to obtain a product which solidifies into a white solid 
at a low temperature at an yield of 96%. ''H-NMR analysis identified that the solid is t-butoxycarbonylmethyl ester of 
deoxycholic acid having the following formula (32). This compound is designated hereinafter as androstane compound 
(CM). 

30 



35 




Synthesis Example 22 

[0184] The same procedure as in Synthesis Example 21 was carried out, except for using lithocholic acid instead of 
deoxycholic acid to obtain a white solid at an yield of 96%. 'H-NMR analysis identified that the solid is t-butoxycarbo- 
45 nylmelhy 1 ester of lithocholic acid of the following formula (35) . This compound is designated hereinafter as androstane 
compound (C'-2)- 



50 



55 
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Synthesis Example 23 



^ Jl IM IWVIV — — — [- 

etrahydroluran. 11 mol of trifluoroacefc acd ^f^'f^^^^^^ false tt^ temperature to room temperature, followed 
water bath was removed ar^d the mbctur v^s a^^^^^^^ 

bystirrlr,gfor3hours.Ther,.5gofmevalonolac,o^^^^^^ ^ temperature and the 

while agair, coolir,g the flask wrth .ce. 'J^^^Jf "'^^ neutralized with 10% aqueous solution of 

mixture was reacted for 8 hours. The ^ucT^^^^^^^ ethyl acetate. The soK^ent was removed to 

sodium hydrogencarbonate and the '^^^".^'^^"^"^^^^^^ ^ ml of 10% aqueous solutior, of sodium 

Obtain a white solkl. The solid was ^'^^""^^ ^ ^'^l^^^^^^^^ while refluxing The reaction product was 

hydrogencarbonate was added to carry out a •^y'l'°'y!^^^^^'''7 '^J,,"^^ 3^,;^ recrystallized from ethyl acetateAi- 
e'xtracted with e.hy. acetate, the soh^ent was -^^^^^^^^f" ^^^^ this solid was mevalono^ctone 

SS^^rctir^^^^^^ 



20 



2S 




CHa 0 

I a 

CflCH2CH2C0 
BoC 




(36) 



30 Synthesis Example 24 
35 pound (C'-4). 




so 

Synthesis Example 25 



55 



ignated as androstane compound {C'-5). 
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P 



5 



(38) 



70 



HO 



Synthesis Example 26 

'5 (1) Addition and hydrolysis 

[0188] 22 parts of 8-methoxycarbonyltelracyclo [4.4.0.12 5 i7.i0]dodec-3-ene which was prepared in Synthesis Ex- 
ample n and 5 parts of formic acid were dissolved In 50 parts ot THF and reacted tor two hours while refluxing. Atter 
having been allowed to cool to room temperature, 50 parts of 1 0% aqueous solution of potassium hydroxide was added, 
20 rtficj trio mixture was reacted for two hours while refluxing. Then, 10% aqueous solution of hydrochloric acid was added 
tu piwJucc a white solid, which was filtered, washed with a large amount of distilled water, and dried to obtain a while 
solid ol 5(9)-hydroxytetracyclo(4.4.0.l2.s l7.iO]ciodecane-2<arboxylic acid shown by the following formula (39) at an 
y 10 wot Q2% 



C- E. ':,ic itication reaction 

101891 The same procedure as in Synthesis Example 18 was carried out, except that 8(9)-hydroxytetracyclo 
3s I J 4 0 1- ^ 1 710] dodecane-2-carboxylic acid was used instead of adamantane-1 ,3-dicarboxylic acid as a raw material 
loobirtin Hlmost quantitatively t-butoxycarbonylmethy I ester of 8(9)-hydroxytetracyclo[4.4.0.l2.5 17.lO]cjodecane-2-car- 
boxy »c Hctd shown by the following formula (40). This compound is designated as androstane compound (C'-6). 



O 




(39) 



O 




(40) 



Exnmpic M3 and Comparative Example 1 



[0190] Composition solutions were prepared according to the formulations shown in Table 1. 



so 



5S 
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[0191] The abbreviation for the components other than the copolymers (A) and alicyclic compounds (C) are 
lows: 

Resin X: Copolymer of methyl methacrylateA-butyl methacrylate/methacrylb acid (40/40/20). Mw=30,000 
s (B-1): 4-Methoxy-1-naphthyltetrahydr<^hiophenium nonafluoro-n-butanesuHonate 



10 




(41) 



75 

(B-2): Bis(4-t-butylphenyl)iodonium nonafluoro-n-butanesutfonate 




C4F9S03- (42) 

25 

(B-3): Triphenylsulfonium nonafluoro-n-butanesuffonate 



30 



35 




(43) 



40 (B-4): Triphenylsulfonium trifluoromethanesulfonate 



45 



SO 




(44) 



(B-5): 4-n-Butoxy-1 -napthyltetrahydrothiophenium nonafluoro-n-butanesulfonate 

55 
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10 




0C4Hg 



S*C4F9S03' 

(45) 



O 



(B-6) : Tril 

15 
20 



ifluoromethanesulfonylbicyclol2.2.1]hept-5^ne-2.3KJicartxxJHmide 



35 



40 



45 




(4 6) 



25 (0-1): N-cyclohoxylcthanolamine 

in.O) ■ Tri-n-octylamine 

(0-3): N,N.N\N'-Tetrakis(2-hydroxypropyl)ethylenediam.ne 

(D-4) : Bis(2-dimethylanninoethyl)elher 

(E-1) Cyclohexanone 

30 (E-2)' 2-Heptanone 

(E-3): Propylene glycol monomethyl elher 

(E-4): Ethyl 2'hydroxypropionate 



Radiation transmittance; 

lor transparency in a deep ultraviolet ray region. 
Relative etching rate: 

tactured by PMT Co.. Ltd. under the following conditions: 

Etching gas: CF4 
50 Gas flow rate: 75 seem, 

Pressure: 2.5 mTorr, 
Output: 2500 W 

, , , ™ »» o. a sampl. was <»aWed Iron, me «alaa lo » «*in9 « "''^ 



41 



BNSOOCID: <EP__093OS4iAiJ .> 



EP 0 930 541 A1 

Pattern configuration: 

[0196] A bottom size (LI) and lop size (L2) of a square cross section of a Itne-and-space pattern (1L1S) with a 0.2 
^im line width were measured using a scanning electron microscope. The pattern configuration was judged "good", 
5 when the inequality 0.85 ^ L2/L1 ^ 1 was satisfied and the pattern configuration has no skirt-like foot, 

Sensitrvity: 

<Compositions of Examples 1-7. 10. 11 and Comparative Examples 1 and 2> 

w 

[0197] The composition solutions were spin-coated onto silicone wafers and pre-baked under the PB conditions 
shown in Table 2 to obtain resist films with a thickness of 0.5 |im. The resist films were exposed to radiation through 
a mask pattern using an ArF excimer laser exposure apparatus (a lens numerical aperture: 0.60, exposure wavelength: 
193 nm) manufactured by Integrated Solutions, Inc. The samples were subjected to a post exposure treatment on a 
15 hotplate under the FEB conditions shown in Table 2. The samples were then developed for one minute at 25*'C in an 
aqueous solutbn of tetramethylammonium hydroxide (TMAH) with a concentration shown in Table 2. washed with 
water, and dried to obtain positive tone resist patterns. An optimum dose of exposure to form a 1:1 line width from a 
line-and-space pattern (1 Li S) with a line width 0. 1 8 was taken as the sensitivity. 

20 <Composilions of Examples 8, 9, 12. and 1 9-27> 

[0198] Deep UV-30-6L manufactured by Brewer Science Co. was applied on a silicone wafer and baked to produce 
an organic anti-reflective coating material with a thickness 550A. The compositbn solutions were spin-coated onto the 
organic anti-reflective coating material and pre-baked under the PB conditions shown in Table 2 to obtain resist films 

2S with a thickness of 0.5 jom. The resist films were exposed to radiation through a mask pattern using an ArF excimer 
laser exposure apparatus (a tens numerical aperture: 0.60. exposure wavelength: 1 93 nm) manufactured by Integrated 
Solutions, Inc. The samples were then subjected to a post exposure treatment on a hotplate under the PEB conditions 
shown in Table 2. The samples were then developed for one minute at 25** C in an aqueous solution of tetramethylam- 
monium hydroxide (TMAH) with a concentration shown in Table 2, washed with water, and dried to obtain positive tone 

30 resist patterns. An optimum dose of exposure to form all line-width from a tine-and-space pattern (1 LI S) with a line 
width d. 1 8 um was taken as the sensitivity. 

<Exampte 1 3> 

35 [0199] Deep UV-30-6L manufactured by Brewer Science Co. was applied on a silicone wafer and baked to produce 
an organic reflection preventive film with a thickness 550A. The composition solutions were spin-coated onto the organic 
anti-reflective coating material and pre-baked under the PB conditions shown in Table 2 to obtain resist films with a 
thickness of 0.4 jam. The resist films were exposed to radiation through an alternating phase shift mask using an ArF 
excimer laser exposure apparatus (a lens numerical aperture: 0.60, exposure wavelength: 193 nm) manufactured by 
Integrated Solutions, Inc. The samples were then subjected to a post exposure treatment on a hotplate under the PEB 
conditions shown in Table 2. The samples were then developed for one minute at 25" C in an aqueous solution of 
tetramethylammonium hydroxide (TMAH) with a concentration shown in Table 2. washed with water, and dried to obtain 
positive tone resist pattern. An dose of exposure which could resolute a line-and-space pattern (1 LI S) with a minimum 
line width was taken as the sensitivity. ARC in Table 2 indicates a bottom layer of anli -reflective coating material. 

45 

Resolutbn: 

[0200] The size of a minimum resist pattern obtained when exposed with optimum dose of exposure was taken as 
resolution. 

50 [0201] The results of the evaluatran are shown in Table 3. 
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TABLE 2 



PB Conditions 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Example 9 
Example 10 
Example 11 
Example 1 2 
Example 13, 
Example 14 
Example 15 
Example 16 
Example 17 
Example 18 
Example 19 
Example 20 
Example 21 
Example 22 
Example 23 
Example 24 
Example 25 
Example 26 
Example 27 



Temp. 

130 

130 

140 

130 

140 

140 

140 

140 

125 

145 

140 

130 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 



Comparative 
Example 1 
Comparative 
Example 2 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 



Time (Sec.) 

lo" 

90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



140 



140 



90 



90 



PEB Conditions 



Temp. 

130 

130 

140 

130 

130 

140 

140 

140 

130 

145 

140 

130 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 



140 



140 



Time (Sec.) 



90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

60 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 



TMAH 
Cone. (N) 



0.26 

0.26 

0.26 

026 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.26 



90 



90 



Film 
thickness 
(fim) 



0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.4 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 



0.26 



0.26 



Type of 
substrate 



Si 
Si 
Si 
Si 
Si 
Si 
Si 
ARC 
ARC 
Si 
Si 
ARC 
ARC 

Si 

Si 

Si 

Si 

Si 
ARC 
ARC 
ARC 
ARC 
ARC 
ARC 
ARC 
ARC 

ARC 



0.5 



0.5 



Si 



TABLE 3 



Radiation 
transmitlance 
(I93nm) (%) 



66 
52 
50 
68 
54 
57 
52 



Relative etching 
rate 



1.41 

1.38 

1.44 

1.33 

1.40 

1.35 

1.33 



Pattern 
configuration 



Good 
Good 
Good 
Good 
Good 
Good 
Good 



Sensitivity (mJ/ 
cm2) 



20 
18 
15 
17 
26 
15 
12 



Resolution (mm) 



0.15 
0.15 
0.15 
0.15 
0.15 
0.14 
0.14 
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TABLE 3 (continued) 



5 



30 





Radiation 


Relative etching 


Pattern 


Sensitivity (mJ/ 


Resolution (mm) 




transmittance 


rate 


configuration 


cm2) 






(193nm) (%) 










Example 8 


47 


1.40 


Good 


16 


0.14 


Example 9 


45 


1.40 


Good 


9 


0.14 


Example 10 


58 


1.30 


Good 


10 


0.13 


Example 1 1 


53 


1.30 


Good 


11 


0.14 


Example 1 2 


51 


1.32 


Good 


18 


0.14 


Example 1 3 


52 


1.31 


Good 


14 


0.09 


Example 14 


56 


1.35 


Good 


15 


0.15 


Example 15 


52 


1.40 


Good 


12 


0.15 


Example 16 


50 


1.38 


Good 


13 


0-15 


Example 17 


58 


1.42 


Good 


12 


0.15 


Example 18 


62 


1.41 


Good 


10 


0.14 


Example 19 


61 


1.40 


Good 


12 


0.14 


Example 20 


64 


1.33 


Good 


12 


0.14 


Example 21 


65 


1.35 


Good 


12 


0.14 


Example 22 


62 


1.33 


Good 


10 


0.14 


Example 23 


62 


1.40 


Good 


14 


U. 14 


Example 24 


68 


1.36 


Good 


13 


0.14 


Example 25 


58 


1.38 


Good 


10 


0.14 


Example 26 


55 


1.35 


Good 


11 


0.14 


Comparative 


68 


2.2 


footing 


23 


0.25 


Example 1 












Comparative 


68 


2.2 


footing 


J23 


0.30 


Example 2 













[0202] The results in Table 3 shows thai the radiation sensitive resin compositions of the first invention exhibits high 
dry etching resistance, superb resolution, and superior transparency to radioactive rays of 50% or more, and produces 
excellent pattern configuration at a high sensitivity. 

[0203] Obviously, numerous modifications and variations of the present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
[0204] A radiation-sensitive resin composition which comprises, 

(A) a polymer containing, 

(a) a recurring unit (I) of the following formula (1): 



so 



ss 




X Y 
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or a recurring unit (I) 
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of the fomnula (1) and a recurring unit (II) of the following formula (2), 



(2) 




:t recurring unit (...) w.,c. is ^"^^^^^^^^ 

rerrpcre=°i-^^^^ aC^sa.. aivalent group of 

(5 the following formula (3) or (4). 



C-O-C- (3) 
0 



R3 

I 

-0-C-O-C- 

30 »l ' 1 

0 



(4) 



saiaa,leasttwopo.vrneriza.lecartx.-cart,onaou.e.x.ds.elng.in.ec.viathe.^^^ 
divalent group of the formula (3) or (4), and 

(B) a pholoacid generator. 



Claims 

1 . A radiation-sensitive resin composition which comprises. 
45 (A) a polymer containing, 

(a) a recurring unit (1) of the following formula (1): 



so 



55 



45 
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5 



10 




X Y 



Wherein A and B individually represent a hydrogen atom or an acid^ieconriposable organic group having 
20 or less carbon atoms which dissociates in the presence of an acid and produces an acidic functional 
group, provided that either one of A and B is the acid-decomposable organic group, X and Y individually 
20 represent a hydrogen atom or an alky I group having 1-4 carbon atoms, and n is 0 or 1 , or a recurring unit 

(I) of the above formula (1) and a recurring unit (II) of the following formula (2), 



25 



o 

30 

and 

(b) a recurring unit (III) which Is derived from a monomer having at least two polymerizable carbon-carbon 
double bonds by cleavage of the carbon-carbon double bonds, wherein the monomer has, in addition to 
3S said at least two polymerizable carbon -carbon double bonds, at least one acid-decomposable divalent 

group of the following formula (3) or (4), 

40 I 

-C-O-C- (3) 

II I 

O R2 

45 

wherein and R2 are individually an alkyi group having 1-5 carbon atoms, 

I 

-O-C-O-C- (4) 
0 

55 

wherein and are individually an alkyI group having 1 -5 carbon atoms, 

said at least two polymerizable carbon-carbon double bonds being linked via the least one acid-decom- 
posable divalent group of the formula (3) or (4). and 
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(B) a photoacid generator 

The radiation-sensitive resin composition according to claim 1 . further comprising, 

. (C) an alicyclic compound having a molecularweight of lOOQorless, vyhich has ari acid -decomposable organic 
group producing an acid functional group in the presence of an acid. 

A radiation-sensitive resin composition which comprises, 

(A') a polymer containing said recurring unit (I) shown by the following formula (1 ). 




wherein A and B individually represent a hydrogen atom or an acid-decomposable organic group having 20 
or less carbon atoms which dissociates in the presence of an acid and produces an acidic functional group, 
provided that either one of A and B is the acid-decomposable organic group, X and Y individually represent 
a hydrogen atom or an alkyi group having 1 -4 carbon atoms, and n is 0 or 1 . 
(B') a photoacid generator, and 

(C) an androstane-17-cartx)xylic acid ester compound of the following formula (5), 




wherein R^, R^. and are individually a hydrogen atom, a hydroxy I group, an alkoxyl group having 1 -4 carbon 
atoms, alkyI carbonyloxy group having 2-5 carbon atoms, or a haloalkyi carbonyloxy group having 2-5 carbon 
atoms, R® is a divalent organic group having 1-10 carbon atoms, and Z is a nrtonovalent organic group having 
20 or less carbon atoms. 
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